METHOD FOR MANUFACTURI NG SO SUBSTRATE AND SEM CONDUCTOR DEVI CE BACKGROUND
OF THE INVENTION 5 1. Field of the Invention [0001] The present invention
relates to a nethod for nmanufacturing a silicon-on-insulator (SO)
substrate having a so-called SO structure in which a single 10 crystal
sem conductor |ayer is provided on an insulating surface, and a nmethod for
manuf acturing a sem conduct or device having the SO structure. 2.
Description of the Related Art [0002] 15 Integrated circuits have been
devel oped, in which a sem conductor substrate <called a
silicon-on-insulator (hereinafter also referred to as "SO ") having a thin

single crystal seMTRODUCORMARYSACATURING S6¥KOBSTRATHW ARPe | S used
instead of a silicon wafer manufactured in such a nanner that an ingot of

a single crystal sem conductgFmicoNDUTHORDEVRSE The integrated circuit
using an SO substrate has attracted attention as an 20 integrated circuit

whi ch reduces parasitic capacitance between a drain of a transistor and
the substrate and i nproves the performance of a sem conductor integrated

circuit. [0003] As a net hgddxairdBRf GETHETRYERFIORUDbSt rates, a hydrogen
ion inplantation separation nethod is known (e.g., see Patent Docunent 1).

The hydgogen ion 1 inplantation separation nmethod is a nethod in which
hydrogen ions are inplanted into a silicon wafer to forman enbrittled

region at q pradehRiNngs, depth froma surface of
[0001]
The present invention relates to a method for manufacturing a
silicon-on-insulator (SOI) substrate having a so-called SOI structure in which a single
10  crystal semiconductor layer is provided on an insulating surface, and a method for

manufacturing a semiconductor device having the SOI structure.

2. Description of the Related Art
{0002]

15 Integrated circuits have been developed, in which a semiconductor substrate
called a silicon-on-insulator (hereinafter also referred to as “SOI”) having a thin single
crystal semiconductor layer on an insulating surface is used instead of a silicon wafer
manufactured in such a manner that an ingot of a single crystal semiconductor is thinly
sliced. The integrated circuit using an SOI substrate has attracted attention as an

20  integrated circuit which reduces parasitic capacitance between a drain of a transistor and
the substrate and improves the performance of a semiconductor integrated circuit.
[0003]

As a'method for manufacturing SOI substrates, a hydrogen ion implantation

separation method is known (e.g., see Patent Document 1). The hydrogen ion



the silicon wafer, and the silicon wafer is separated at the enbrittled
region, whereby a thin silicon layer is bonded to another silicon wafer.
In addition to the heat treatnment 5 for separation of a silicon layer, it
iS necessary to performheat treatnment in an oxidizing atnosphere to form
an oxide filmover the silicon |layer, renove the oxide film and perform
heat treatnent at 1000C to 1300C to increase bonding strength. [0004] On
the other hand, a sem conductor device in which an insulating substrate 10
made of high heat resistance glass or the like is provided with a silicon

| ayer is disclosed (e.g., see Patent Docunent 2). In this sem conductor

devi ce, anugnbhhdon s§¢rﬂ'r§tﬁaﬁ@ne’ﬂ{od% ¥ fletbl Hﬁﬁcﬁh%ﬁ@geﬂ@ﬁﬁ%r@hfp@dn&dmb At is

greater than or equal to 750 Cis protected by an insulating silicon film

and a si | i gol QURF «PRIAlAShuRNICE ik RGP PrelaimildRicpM @i auARRAaL | ON
met hod i s bonded to the insulating silicon film 15 [0005] On the surface

of the sil iycamd,qVker Ol 3hd\GlkoR YvaerlY SHpRQYRA at R chlBRL(RA tr8ib0D the?e%?@r ation
nmet hod, there exists defects due to an'ion inplantation step or the |ike

for fTorm g, afte&Mpd L {)ﬁﬁe%ﬁgéﬂaﬂler THESELARE, 1RadBEH Yo IHENAE bAMBMI N t he
defects by vapor-phase etching is disclosed (see Patent Docunent 3). 20
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perform heat treatment at 1000°C to 1300°C to increase bonding strength.
[0004]
On the other hand, a semiconductor device in which an insulating substrate
10 made of high heat resistance glass or the like is provided with a silicon layer is
disclosed (e.g., see Patent Document 2). In this semiconductor device, an entire
surface of crystallized glass whose strain point is greater than or equal to 750 °C is
protected by an insulating silicon film, and a silicon layer obtained by a hydrogen ion
implantation separation method is bonded to the insulating silicon film.
15 [0005]

On the surface of the silicon layer obtained by a hydrogen ion implantation
separation method, there exists defects due to an ion implantation step or the like for
forming an embrittled region. Therefore, a technique of removing the defects by
vapor-phase etching is disclosed (see Patent Document 3).

20 [Reference]
fPatent Document]
[0006]
[Patent Document 1] Japanese Published Patent Application No.:2000-124092

[Patent Document 2] Japanese Published Patent Application No. H11-163363



[0007] 5 However, there is a possibility that netallic contamnation is
attached to and diffused into the silicon layer in renoving the defects by
vapor - phase etching. In addition, there is a possibility that the netallic
contam nation remains in the silicon |ayer when a sem conductor elenent is
formed over the SO substrate. The netallic contam nation causes decrease
in performance and reliability of a sem conductor 10 device. [0008] In
view of the foregoing problem an object of an enbodi nment of the present
invention is to provide an SO substrate in which contam nation due to
inpurities such as a netal elenent and the like is suppressed. In

addi ti on, W&ﬂ@@foctﬂ@éx@@#JaBine%ﬁsl%H‘?@@hﬂ@ﬂﬁwﬁfoaneH@I e8Pk invention is to

pr event delr'ease in performance and reliability of a sem conductor device
formed using such an SO substrate. [0009] An enbodi nent of the present
invention is a method for manufacturing an SO substrate including the

steps of: formng an oxi de ulMAfy drHohevENyemnal sem conductor 20

substrate; introducing accelerated ions into the single crystal
sem conduc (?b' fubstrate through the oxide filmto forman enbrittled region
in the single trystal sem conductor substrate; bonding a supporting

substrage such t%@\;«ex;ep%e?yﬁp@f)&sfﬂﬁnf Whe tleailf ARenfififion 3¢ MHcRedCloYantial

sem conduct or strate face each other wth the oxide filminterposed

ther ebet wegqpyREHAO WY Q8cRCRALEL! RRofhg td;@dag&grb tJafk- et OBnihPt ant he

supporting 3 substrate to |ch a si ng e crystal sem’conductofr |ayer is

bonded and aftftidn, Uerl REa @b&% it Rl ﬂleta?lmdh%gﬂﬁfoﬂrreﬁhmﬂﬂ McSsilgnheati ng

of the single crystal m conduct or substrate; performng first etching on

a surface 9¢7fyc31t Qfﬁensﬁ OFhiorfiu¥s! AbmSRTE EARLE VA thé 18 SulBAEE dThPmetallic

contamination causes decrease in performance and reliability of a semiconductor
10  device.
10008]

In view of the foregoing problem, an object of an embodiment of the present
invention is to provide an SOI substrate in which contamination due to impurities such
as a metal element and the like is suppressed. In addition, another object of an

15 embodiment of the present invention is to prevent decrease in performance and
reliability of a semiconductor device formed using such an SOI substrate.
[0009]
An embodiment of the present invention is a method for manufacturing an SOI
substrate including the steps of: forming an oxide film on a single crystal semiconductor
20  substrate; introducing accelerated ions into the single crystal semiconductor substrate
through the oxide film to form an embrittled region in the single crystal semiconductor
substrate; bonding a supporting substrate such that the supporting substrate and the
single crystal semiconductor substrate face each other with the-oxide film interposed

therebetween; performing separation at the embrittled region into the supporting



the supporting substrate with a substrate bias applied; eradiating the
single crystal 5 sem conductor layer with a | aser beam and nelting and
solidifying at least part of the surface of the single crystal

sem conductor |ayer; perform ng second etching on the surface of the
single crystal sem conductor |ayer with no substrate bias applied. [0010]
Anot her enbodi nent of the present invention is a nethod for manufacturing
an 10 SO substrate including the steps of. formng an oxide filmon a
single crystal sem conductor substrate; introducing accelerated ions into
the single crystal sem conductor substrate through the oxide filmto form

an embrittlsgekah@eb Mich Sdp® crddtN b BicSidSlop laySrEFbERIRA UEA Phrt SLHAS binglee;
bondi ng a supporting substrate such that the supporting substrate and the

singl e crysiRla SR mARANGHNraf Y Hehtblo® HRGMRAG Pt A AR oMb Br dBstAg OXi de

filminterposed therebetween; pérformng separation at the enbrittled

~region intoethe SHRA IS Gh Sibftd ke JiNahl sBmRbiiilcRr Wy¥iSioRbed to

sem conductor |ayer is bonded and part of the single crystal sem conductor

substrate Q?’e_ biing sRbsthidCuwith rags!usstyawﬁfaalaﬁpl&amﬂmﬂgt@é spRséyale;
performng fir etching on a surface of the single crystal sem conductor

layer bgnded,{:0ndub@r RYAPRLH b MBeShaR! il iRenithd %d%liéi‘f‘ﬁ_ﬁ% %ﬂegst phss MRpl i ed; 20

irradiating the singlé crystal sem conductor |ayer w a | aser beam and

mel ting an@urfa%lglcjf dhd Ve Hstdi SBalcoRfclor Myel; NRrOHALAGRRE ctdhBipSid@e crystal

sem conductor |ayer; Pperform ng second etching on the surface of the

1 nal e or Y3t SPECARIUGAAN ANl Bvcr BN SYBSLEAL BiddhfRicap! | od. [ 0011)

4 Further, 1n an en%o 0 Invention, the first etching is
preferably[@ﬁbiorned using a chlorine-based gas. The second etching is
preferably” perforned using a fluorine-based gas.

Another embodiment of the present invention is a method for manufacturing an
10  SOI substrate including the steps of: forming an oxide film on a single crystal
semiconductor substrate; introducing accelerated ions into the single crystal
semiconductor substrate through the oxide film to form an embrittled region in the
single crystal semiconductor substrate; bonding a supporting substrate such that the
supporting substrate and the single crystal semiconductor substrate face each other with
15 the oxide film interposed therebetween; performing separation at the embrittled region
into the supporting substrate to which a single crystal semiconductor layer is bonded
and part of the single crystal semiconductor substrate by heating of the single crystal
semiconductor substrate; performing first etching on a surface of the single crystal
semiconductor layer bonded to the supporting substrate with no substrate bias applied;
20  irradiating the single crystal semiconductor layer with a laser beam and melting and
solidifying at least part of the surface of the single crystal semiconductor layer;
performing second etching on the surface of the single crystal semiconductor layer with

no substrate bias applied.

[0011]



[0012] 5 Alternatively, in an enbodi nent of the present invention, the
first etching and the second etching are preferably perforned using a
fluorine-based gas. [0013] In an enbodi nent of the present invention, a

gl ass substrate can be used as a supporting substrate. 10 [0014] In this
specification, the single crystal neans a crystal in which, when a certain
crystal axis is focused, the direction of the crystal axis is oriented in
the sane direction in any portion of a sanple and which has no crystal
grai n boundary between crystals. Note that in this specification, the
single crystal includes a crystal in which the direction 15 of crystal axes

is uniformas demghicDad APeMBoERENBE Gt BRSerOn@in@bh BeUAMAkiARgeren when
it includes a crystal defect or a dangling bond. In addition,

re-singl e- gryshial pedddre@nisils 2 cBlbRtt Based Y&t alThe @8HoaORIUEIZOR Prépmablymeans
that a single crystal sem conductor |ayer having a single crystal

structure LekufRg ulife 2n8éilRs@rustal structure after being in a different
state fromthe single crystal structure (e.g., a 20 liquid-phase state). In

addition, igoigpn al so be said that re-single-crystallization of a single
crystal sem conductor |ayer neans that a single crystal sem conductor |ayer

is recgystalli Zﬁ%&&w@@!ﬁlﬁ_&iﬂ@%ﬁn@sm&?fes%m@mmﬁ%%sdmg;anhoom The
term "sem conductor device" in this specification refers to devices in 5

general thgl. £ANdLREMBLE R¥fetably JeAbRtbdIBME AINENEL BlseLhiar act eri stics, and
di spl ay devices, semconductor circuits, and el ectronic devices are

i ncluded i pgiBf category of the sem conductor device.

In an embodiment of the present invention, a glass substrate can be used as a

supporting substrate.
10 [0014]

In this specification, the single crystal means a crystal in which, when a certain
crystal axis is focused, the direction of the crystal axis is oriented in the same direction
in any portion of a sample and which has no crystal grain boundary between crystals.
Note that in this specification, the single crystal includes a crystal in which the direction

15  of crystal axes is uniform as described above and which has no grain boundaries even
when it includes a crystal defect or a dangling bond. In addition,
re-single-crystallization of a single crystal semiconductor layer means that a single
crystal semiconductor layer having a single crystal structure returns to a single crystal
structure after being in a different state from the single crystal structure (e.g., a

20 liguid-phase state). In addition, it can also be said that re-single-crystallization of a
single crystal semiconductor layer means that a single crystal semiconductor layer is
recrystallized to form a single crystal semiconductor layer.

[0015]

The term “semiconductor device” in this specification refers to devices in



[0016] 5 Furthernmore, the term"display device" in this specification
includes a light-emtting device and a liquid crystal display device in
its category. A light-emtting elenment includes, in its scope, an el enment
whose |um nance is controlled by current or voltage, and specifically

i ncl udes an inorganic electrolum nescent (EL) elenent, an organic EL

el enment, and the like. 10 [0017] According to an enbodi nent of the present
invention, an SO substrate in which contam nation of a single crystal
sem conductor |ayer due to inpurities such as a netal elenent and the |ike
i s suppressed can be manufactured. Further, decrease in performance and
reliabilit | Gnd ih‘zﬂg\@eﬁ&oﬁl&m@@wﬁét&ﬂnisyaﬁd @iBpl&ANevicks
substrate %%nrggmﬁﬁgienteﬂ§§%%lE DESCRI PTI ON OF THE DRAM?%E%? [0018] In
the acconpapyi-Bediod Wilge: a8 efekfShic bibvidest frel Rb1BIQ M BWScatdgbtySET @lel Ng a
met hod for manufacturing an SO substrate according to an enbodi nent of
the present . RysioPRevidel GS. 2A to 2E are views illustrating a nethod for
manuf acturing an SO substrate according to an enbodi nent of the present

_invention;[&h 3is aviewillustrating an exanple of a plasnma CVD
apparatus; = 6 FIGS. 4A- | to 4D are views illustrating a nethod for

manuf acturing ang 8@ sUbSl af aGEALH R0 iRNhRNRREIIRM Hclddbe apr esent
invention; FIGS. BAto 5E are views illustrating a nethod for nmanufacturing

f‘nvz ﬁm g‘r)];”‘i‘l‘éﬁi-éiﬁiuﬂ@idgﬁc@caﬁﬂ?rgi Rfhid Critl CORASY NRRce Ofn tiBecARBENT A
light-emitting element includes, in its scope, an element whose luminance is controlled
by current or voltage, and specifically includes an inorganic electroluminescent (EL)
element, an organic EL element, and the like.

10 [0017]
According to an embodiment of the present invention, an SOI substrate in
which contamination of a single crystal semiconductor layer due to impurities such as a
metal element and the like is suppressed can be manufactured. Further, decrease in

performance and reliability of a semiconductor device formed using such an SOI

15  substrate can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
In the accompanying drawings:
20 FIGS. 1A-1 to 1D are views illustrating a method for manufacturing an SOI
substrate according to an embodiment of the present invention;
FIGS. 2A to 2E are views illustrating a method for manufacturing an SOI
substrate according to an embodiment of the present invention;

FIG. 3 is a view illustrating an example of a plasma CVD apparatus,



5 FIGS. 6Ato 6D are views illustrating a method for manufacturing a

sem conduct or device according to an enbodi nent of the present invention;
FIG7 is a block diagramillustrating a structure of a m croprocessor

manuf actured using an SO substrate according to an enbodi nent of the
present invention; 10 FIG8 is a block diagramillustrating a structure of
a mcroprocessor manufactured using an SO substrate according to an
enbodi ment of the present invention; FIG9A is a plan viewillustrating a
pi xel of a liquid crystal display device and FIG 9B is a cross-sectional
view taken along line J-K of FIG 9A; 15 FIGIOA is a plan view

ilTustrating a piresdl 4@L1 4B lecticel AHshamgantehod S myhufdavinganaul FI G 10B
is a cross-sectional viewtaken along line J-K of FIG 10A; FIGS. 11A to 11F

are views gathiatelakdbsdih@iol MBnMBdifleRCIF I PrEsclM@Bomccording to an
enbodi ment of the present invention; FIGS 12A to 12C are views

illustrating an ﬁkﬁ‘?tf&r’tbcsﬂeé(rbcﬁe\%qﬁﬁéﬁlaﬂ% t20 ndhod2 Gore Mapcthdétmig @f t he
present invention; FIGS. 13A to 13D are AFMimages of a single crystal

silicon su Qé&fc@ﬁcﬁctop@%e\é@&r&ﬁ M enftofimehfid¥ thSprdseri @vedtibhust rating a MOS

capacitor structure and 14B is a graph show ng characteristics of
gate w ghstand vpldsaoss: to7615| S ‘ewh sluastﬁﬁﬁ%m TRAMINGor” esHhhaudiy anal yses

by secondary ion nmass spectronetry; is a graph showi ng results of
anal yses by, SREARGRE Yevi@ctBRERg tSREMIHoRMRIE ¥ the present invention;

FIG 7 is a block diagram illustrating a structure of a microprocessor
manufactured using an SOI substrate according to an embodiment of the present
invention;

10 FIG. 8 is a block diagram illustrating a structure of a microprocessor
manufactured using an SOI substrate according to an embodiment of the present
invention;

FIG. 9A is a plan view illustrating a pixel of a liquid crystal display device and
FIG. 9B is a cross-sectional view taken along line J-K of FIG. 9A;

15 FIG. 10A is a plan view illustrating a pixel of an electroluminescence display
device and FIG. 10B is a cross-sectional view taken along line J-K of FIG. 10A;

FIGS. 11A to 11F are views each illustrating an electronic device according to
an embodiment of the present invention;

FIGS. 12A to 12C are views illustrating an electronic device according to an

20 embodiment of the present invention;

FIGS. 13A to 13D are AFM images of a single crystal silicon substrate
observed by AFM;

FIG. 14A is a view illustrating a MOS capacitor structure and FIG. 14B is a

graph showing characteristics of gate withstand voltages;



5 FIGS. 17A and 17B are views illustrating a capacitor TEG FIGS. 18A and
18B are graphs show ng neasurenent results of the <current-voltage (1-V)
characteristics; FIGS. 19A and 19B are graphs show ng neasurenent results
of the current-voltage (1-V) characteristics; and 10 FIG 20A and FIG 20B
are a graph and a table, respectively, show ng neasurenment results of
field-effect nobilities. DETAI LED DESCRI PTI ON OF THE I NVENTION [0019] 15
Her ei nafter, enbodi nents and exanples of the present invention will be
described in detail with reference to the acconpanyi ng drawi ngs. Note that
it is easily wunderstood by those skilled in the art that the present

invention is notpig Mist Ry teRaghh ShowdBS GESURS io@rhnbﬁbé%\/\bdya%gc&nhﬁy @nViaidset y of
changes can be made in forms and details w thout departing fromthe spirit
and the scgﬁgug&ﬁﬁﬁerpresent invention. Therefore, the 20 present invention
shoul d not be construed as being limted to the description of the

embodi ment  modesgr0 18€is94 Ribhb oWty NaLRs o adnalykd} b @esintiatGt MhemaRl the
present invention described below,  |ike portions or portions having

simlar fugcih@fsare denoted by conmon reference nunerals in different
draw ngs, and description of them w Il not be repeated. 8 [0020]

( Enbodi gent 1) |ﬂGtShiﬁ!\§r{Ht’l%i£@ﬂEwsﬁluE@£ﬁﬂggch&ﬁ(:itm;ac'[Uri ng an SO

substrate according to an embodiment of the present invention will be
described with r@gGarefoe h@ 1418 ard bMWY Bhwing measurement results of the

current-voltage (I-V) characteristics;
FIGS. 19A and 19B are graphs showing measurement results of the
current-voltage (I-V) characteristics; and
10 FIG. 20A and FIG. 20B arc a graph and a table, respectively, showing

measurement results of field-effect mobilities.

DETAILED DESCRIPTION OF THE INVENTION
[0019]

15 Hereinafter, embodiments and examples of the present invention will be
described in detail with reference to the accompanying drawings. Note that it is easily
understood by those skilled in the art that the present invention is not limited to the
description below and that a variety of changes can be made in forms and details
without departing from the spirit and the scope of the present invention. Therefore, the

20 present invention should not be construed as being limited to the description of the
embodiment modes to be given below. Note that, in the structures of the present
invention described below, like portions or portions having similar functions are
denoted by common reference numerals in different drawings, and description of them

will not be repeated.



[0021] First, a sem conductor substrate 101 is prepared (see FIG | A-1).

[ 0022] As the sem conductor substrate 101, a single crystal sem conductor
substrate or 10 a polycrystalline sem conductor substrate can be used, and
exanpl es thereof include a single crystal silicon substrate, a

pol ycrystalline silicon substrate, a germanium substrate, conpound

sem conduct or substrates of gallium arsenide, indium phosphide, and the

| i ke. Typical exanples of commercially available silicon substrates are
circular silicon substrates which are 5 inches (125 mm) in dianmeter, 6
inches (150 mm 15 in dianeter, 8 inches (200 mm in dianeter, 12 inches
(300 mMm iqb@% neter, and 16 inches (400 nm in dianeter. Note that the
shape is not limted to a circular shape, and a silicon substrate
processed i |Eﬁﬁb£héﬁq?angular shape or the like can also be used. In the
description given below, a case in which a single crystal silicon substrate

Is used as the gag %ﬂﬁgﬂﬁ{%ﬁr a HdBRY rfﬁftlﬁan%@ﬂ:tu% bn B6I S®3€4tk RRErdimOo[ 0023]
Note that it is preferable that a surface of e sem conductor substrate

101 be appp O&Eﬂoﬁﬁl‘f‘ény o@ltﬁ@ﬂfge NinEHRACRiIMbE hie?crﬂa'& fttd Ger@rehdd/ By theogen
per oxi de m xture ammoni um hydr oxi de/ hydr ogen peroxi de m xture

(APM, a h !OFIC aci d/ hydrogen peroxide m xture (HPM, dilute

hydrof luoric acid (DHF), ozone water, or 9 the like in terns of renoval of
contaninatuRPi Dilute hydrofluoric acid and ozone water nmay be di scharged
alternatel§ or cleaning. [0024] Next, an oxide film 102, is formed on the

surface of the sgpg GABAKGhALtor SubRHAS 16 Phs Greplrba (REFIE B1)! A 2) -
[0022]
As the semiconductor substrate 101, a single crystal semiconductor substrate or
10  a polycrystalline semiconductor substrate can be used, and examples thereof include a
single crystal silicon substrate, a polycrystalline silicon substrate, a germanium
substrate, compound semiconductor substrates of gallium arsenide, indium phosphide,
and the like. Typical examples of commercially available silicon substrates are
circular silicon substrates which are 5 inches (125 mm) in diameter, 6 inches (150 mm)
15 in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in diameter, and 16
inches (400 mm) in diameter. Note that the shape is not limited to a circular shape,
and a silicon substrate processed into a rectangular shape or the like can also be used.
In the description given below, a case in which a single crystal silicon substrate is used
as the semiconductor substrate 101 will be described.
20 [0023]
Note that it is preferable that a surface of the semiconductor substrate 101 be
appropriately cleaned in advance with a sulfuric acid/hydrogen peroxide mixture (SPM),
an ammonium hydroxide/hydrogen peroxide mixture (APM), .a hydrochloric

acid/hydrogen peroxide mixture (HPM), dilute hydrofluoric acid (DHF), ozone water, or



[0025] As the oxide film 102, for exanple, a single layer of a silicon
oxide film a silicon oxynitride film or the like, or a stacked |ayer

t hereof can be used. These filns can be formed by a thermal oxidation

nmet hod, a CVD nethod, a sputtering nethod, or 10 the like. In addition,
when the oxide film2102 is formed by a CVD nethod, a silicon oxide film
formed by using organosilane such as tetraethoxysilane (abbreviation: TEGCS,
chem cal fornula: Si (OC2H5)4) is preferably used as the oxide film 102 in
terms of productivity. [0026] 15 In this enbodi nent, the oxide film 102
(here, a SIO (x >0) film is fornmed by performng thermal oxidation

treatnent o WinS@mSCWQHﬁBQrOflsdbﬁﬁkﬁl?aﬁSn.1jSh{t§ @pdrbiigeric abfi did oddne t her nal

oxidation treatnment is preferably perforned in an oxidizing atnosphere to

whi ch hal oggR, iy 80d8harded QWethateld GricRimigxampl e, the thermal oxidation
treatnment is per?orned on the sem conductor substrate 101 in an oxidizing

at nosphere &94Fhich chlorine (Cl) is added, whereby the oxide film 102 is
f ormed thrgugh chl orine oxidation. Thus, the oxide film 102 contains

chlorine atoms. {00281 1R THG: G2 Qf iBiGneat QiMBneC QARkRL AGhE Nehmi@ndisge film
102 cause distortions. As a result, the noisture absorption rate of the

oxi de f%lakégamg§01@£ng§gAgﬂd the diffusion rate thereof is increased.

That is, en noisture is préesent on a surface of the oxide film 102, the
noi sture prﬁﬁgrt on the surface of the oxide film 102 can be rapidly 5
absorbed and diffused into the oxide film 102.

As the oxide film 102, for example, a single layer of a silicon oxide film, a
silicon oxynitride film, or the like, or a stacked layer thereof can be used. These films
can be formed by a thermal oxidation method, a CVD method, a sputtering method, or

10  the like. In addition, when the oxide film 102 is formed by a CVD method, a silicon
oxide film formed by using organosilane such as tetraethoxysilane (abbreviation: TEOS,
chemical formula: Si(OC,Hs)s) is preferably used as the oxide film 102 in terms of
productivity.

[0026]

15 In this embodiment, the oxide film 102 (here, a SiOx (x > 0) film) is formed by
performing thermal oxidation treatment on the semiconductor substrate 101 (see FIG.
1A-2). The thermal oxidation treatment is preferably performed in an oxidizing
atmosphere to which halogen is added.

[0027]

20 For example, the thermal oxidation treatment is performed on the
semiconductor substrate 101 in an oxidizing atmosphere to which chlorine (Cl) is added,
whereby the oxide film 102 is formed through chlorine oxidation. Thus, the oxide film
102 contains chlorine atoms.

[0028]

10



[0029] As an exanple of thermal oxidation treatnent, thermal oxidation may
be perforned in an oxidizing atnosphere which contai ns hydrogen chl oride
(HC1) at a proportion of 0.5 vol.%to 10 vol.% (preferably, 2 vol.% wth
respect to oxygen at a 10 tenperature of 900 Cto 1150 C (typically, 1000
C). Treatnent tine may be set to 0.1 to 6 hours, preferably, 0.5to0 1
hour. The thickness of an oxide filmto be fornmed is set to 10 nmto 1000
nm (preferably, 50 ran to 300 nn), for exanple, 100 nm [0030] As anot her
exanpl e of thermal oxidation treatnent, thermal oxidation may be 15
performed in an oxidizing atnosphere whi ch contains

trans-1, 2-di chl orieetdbtiR ok Edatainedt in ahP AP filnh Q02 Qdusd dA%orticds. Yaka 5 vol . %
(preferably, 3 vol.% wth respect to oxygen at a tenperature of 700 Cto

1150 C (typiGRl thy mo%ﬁge EDsorplib® #tdTBNthe bkid® RN 0D & iERtove® andihd diffusfnhour s,
preferably, 0.5 to 1 hour. The thickness of an oxide filmto be forned is

set to 10 4B Hefol R0BcrRA8ed PrEfaeisahyn mofuidnst/Res3RCord urfacObf gxaxmlee, 100
nm Since 20 the deconposition tenperature of trans- 1,2-dichloroethyl ene

is low thehhepile moXhAabkQRt b e SBRAke ©AMOSIRE FifNOB Gaitbe dapiahy
tenperature. In particular, when a sem conductor substrate is repeatedly

reused, spr Qauieheihd HifGaR RS thdvxivag @pd adverse effect due to thernal
shock can be reduced by perform ng thermal oxidation treatnent at |ow

tenperatur?% g2bpt e that, instead of trans- 1, 2-dichloroethylene, 11
cis-1,2-di Ioroethylene 1, 1-di chl oroet hyl ene, or a m xed gas of two or

e L5 oPRERT gy Sy o AP R

concentrati on of atons Int m 102 IS con roIIed to 1

x 1017 at O%E#f&{l}%dtlf? ah 3&1&%& a@ﬁo%ﬂﬁ!r@ Fhich contains hydrogen chloride (HCI) at a

proportion of 0.5 vol.% to 10 vol.% (preferably, 2 vol.%) with respect to oxygen at a
10  temperature of 900 °C to 1150 °C (typically, 1000 °C). Treatment time may be set to
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film to be formed is
set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm.
[00301
As another example of thermal oxidation treatment, thermal oxidation may be
15  performed in an oxidizing atmosphere which contains trans-1,2-dichloroethylene (DCE)
at a proportion of 0.25 vol.% to 5 vol.% (preferably, 3 vol.%) with respect to oxygen at
a temperature of 700 °C to 1150 °C (typically, 950 °C). Treatment time may be set to
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film to be formed is
set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm. Since
20 the decomposition temperature of trans-1,2-dichloroethylene is low, the thermal
oxidation treatment can be performed at a low temperature. In particular, when a
semiconductor substrate is repeatedly reused, productivity can be improved and adverse
effect due to thermal shock can be reduced by performing thermal oxidation treatment

at low temperature. Note that, instead of trans-1,2-dichloroethylene,
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[0032] In addition, the inclusion of chlorine atons in the oxide film 102
is also effective in preventing contam nation of the sem conductor
substrate 101 by trapping heavy nmetal (such as Fe, C, N, M, and the

i ke) which is an extrinsic inmpurity. 10 [0033] The inclusion of hal ogen
such as chlorine in the oxide film 102 by HC1 oxidation or the |ike makes
it possible to performgettering on an inpurity (for exanple, novable ions
such as Na) which gives an adverse effect on the sem conductor substrate.
That is, by heat treatnment which is perfornmed after the oxide film 102 is
formed, 15 inpurities included in the sem conductor substrate are separated

out to the xj 8Qichiokdbthylddd, BNdicERRIctHyRee DY alBixed kDb Wvb br inddee badhegen (e. g.,
chlorine). Thus, the inpurity captured in the oxide film 102 can be fixed,
wher eby conLaRih@theaidof the sem conductor substrate 101 can be prevented.
Accordi ngly, when bonded to a glass substrate, the oxide film 102 can
function a mglgilnlfor neutralizing inpurities such as 20 Na included in
the gl ass substrate. [0034] In particular, inclusion of hal ogen such as

chlorine in the gxhd&uftbliimet thebncdifrdticiXdfARlorAS a@ns il hel dxkd fitth FRf ecti ve
in a case where the sem conductor substrate is not sufficiently cleaned or

in remoyi ng, GARLAM B3 OV SlniF ©a AANANEYGR’ Substrate which 12 is
repeatedly reused. [0035] Further, inclusion of hydrogen in the gas for

the thermalggpsidation treatment has an effect of conpensating a defect at
the interface between the sem conductor 5 substrate 101 and the oxide film

102 to decrease jhgudiRmalie BuSbAld dfaktood if BR oxide film 102 is also
effective in preventing contamination of the semiconductor substrate 101 by trapping
heavy metal (such as Fe, Cr, Ni, Mo, and the like) which is an extrinsic impurity.

10 [0033]

The inclusion of halogen such as chlorine in the oxide film 102 by HCI
oxidation or the like makes it possible to perform gettering on an impurity (for example,
movable ions such as Na) which gives an adverse effect on the semiconductor substrate.
That is, by heat treatment which is performed after the oxide film 102 is formed,

15  impurities included in the semiconductor substrate are separated out to the oxide film
102 and captured by reacting with the halogen (e.g., chlorine). Thus, the impurity
captured in the oxide film 102 can be fixed, whereby contamination of the
semiconductor substrate 101 can be prevented. Accordingly, when bonded to a glass
substrate, the oxide film 102 can function as a film for neutralizing impurities such as

20  Naincluded in the glass substrate.

[0034]

In particular, inclusion of halogen such as chlorine in the oxide film 102 by

HC] oxidation or the like is effective in a case where the semiconductor substrate is not

sufficiently cleaned or in removing contamination of the semiconductor substrate which
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interface. Therefore, it is preferable that the oxide film 102 contain
hydr ogen atons at equal to or higher than 1 x 1018 atons/cnB8. [0036] Note
that, although the case where the thermal oxidation treatnment is 10
performed in an oxidizing atnosphere in which hydrogen chloride or

di chl oroethylene is contained as a formation nethod of the oxide film 102
containing chlorine atons is described in the above description, an
enbodi ment of the present invention is not Ilimted thereto. For exanple,
by perform ng thermal oxidation treatnment on the sem conductor substrate
101 in an oxidizing atnosphere, the oxide film102 (e.g. SiOx) 15 is fornmed
on the surfags.plniReegem conductor substrate 101, and then chlorine atons
may be contaihed i'n the oxide film 102 by addition of chlorine ions
accelerateﬁng]an electric field with the use of an ion doping apparatus
or an ion inplantation apparatus. Alternatively, after the surface may be
processed wi th apfydr QaaRiHNfHyidged HOhh ga$ @irithd BRmdI RRIdAIN B¥tRladt On

treatment may be perfornmed in an oxidi zi ng at nosphere. 20 [0037] Note that

hal ogen at gn®s ¢ QRtA! f1enlplndafife 9XdcdRt bi WY hRELET BethOdn theeln@bnlitdrhe

chl orine atons. The oxuﬁ‘1 film102 may contain fluorine atons. In order to

performs fluarie @xidahi QRide Nk RS §R6RsOthel BEISRITLERNIMSHObS Sabst rat e
101, the follow ng may e per%orned: the surface of the sem conductor

substrate tizﬁérféca SHRKGGe] i?isgs%efé@iﬂettﬁa@ﬂw okRledlhd 10D 8bnthil @Y aBLerOMbHE & NG s

per f or med ereon 1 n an oxlidation atnosphere; thermal oxidation is

per f or med e 1 ¢4e" aiRalpate 101 in an oxidizing atnosphere to
whi ch NF3 ?@R%gﬂggﬁﬂkgﬁggr g xt, accelerated ions 103 are introduced
into the s%&hg?nductor substrate 101,

Note that, although the case where the thermal oxidation treatment is
10  performed in an oxidizing atmosphere in which hydrogen chloride or dichloroethylene
is contained as a formation method of the oxide film 102 containing chlorine atoms is
described in the above description, an embodiment of the present invention is not
limited thereto. For example, by performing thermal oxidation treatment on the
semiconductor substrate 101 in an oxidizing atmosphere, the oxide film 102 (e.g. SiOx)
15  is formed on the surface of the semiconductor substrate 101, and then chlorine atoms
may be contained in the oxide film 102 by addition of chlorine ions accelerated by an
electric field with the use of an ion doping apparatus or an ion implantation apparatus.
Alternatively, after the surface may be processed with a hydrogen chloride (HCI)
solution, thermal oxidation treatment may be performed in an oxidizing atmosphere.
20 [0037]
Note that halogen atoms contained in the oxide film 102 are not limited to the
_chlorine atoms. The oxide film 102 may contain fluorine atoms. In order to perform
fluorine oxidation on the surface of the semiconductor substrate 101, the following may

be performed: the surface of the semiconductor substrate 101 is soaked in HF solution
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whereby an enbrittled region 104 having a damaged crystal structure is
formed at a predeterm ned depth in the sem conductor substrate 101 (see
FIGIA-3). As illustrated in FIG 1A-3, by introducing the accel erated
ions 103 into the sem conductor substrate 101 through the oxide film 102,
the ions 103 are added to a region at a 10 predeterm ned depth fromthe
surface of the sem conductor substrate 101, whereby the enbrittled region
104 can be fornmed. The ions 103 are obtained as follows: a source gas is
excited to generate plasma of the source gas, and ions included in this
plasma are extracted fromthe plasma by the action of an electric field

and are thgpy afeh ehShat §Gdizing @pRlorhad HReoHeRER orfdatiditategiter; weans t he
enbrittled region 104 is formed can be adjusted by the kinetic energy, the

mass, the ERISonARPeldibifch BEiHERi@AGhRrALbIRAR 10018 ad O3idizink@mbéphedei C ener gy
can be adjusted by acceleration voltage, or the like. The enbrittled

regi on 1044 shkpiiRd alieq@ depth the sane or substantially the same as the
average depth at which the ions 103 have entered. Therefore, the thickness
of the singlggerystal 20 sem conductor |ayer separated fromthe

sem conductor Substrate 101 is determned by the depth to which the ions
103 arezadded. TRgdePlilaRY iodh i 6 ark Reroaltiith kiRbemR@hdtor bdskirhes 100r med i s

adjusteg so that the thickness of the single crystal sem conductor |ayer

can be greggeryl RARRLHRIYBLioh Q04 A iR &AfhabRASEy Al BhuStireSid Yadmed Gt 200 DM

-preferably greater than or equal to 50 nmm and | ess than or equal to 200

nm 14 [Oofsfﬁgﬁ%%&%n@dﬁa%ﬁ&lt Inethd SghiRbhdkOdr GaBshR fiOf 'BSk IFYGT @A-1opiarg

treat ment. oplng treatnent can be perfornmed using an ion doping

apparat us. ; ' | OR 300D Y duAPRE 8lddRrdted Bnd U3 iR IRe SAR@BEIAN
appar at us &ﬁFEM%Lﬁ@%G;%ngﬁgct Hfaced In archgh%er § IS irradﬁated with al

I on speci egARNE" Y Sfloiyh WEHEAL HAR 0D, hePlRS €65 aBARIded O aPleRHBt 2

10  predetermined depth from the surface of the semiconductor substrate 101, whereby the
embrittled region 104 can be formed. The ions 103 are obtained as follows: a source
gas is excited to generate plasma of the source gas, and ions included in this plasma are
extracted from the plasma by the action of an electric field and are then accelerated.
[0039]

5 The depth of the region where the embrittled region 104 is formed can be
adjusted by the kinetic energy, the mass, the mass, and the incident angle of the ions 103.
The kinetic energy can be adjusted by acceleration voltage, or the like. The embrittled
region 104 is formed at a depth the same or substantially the same as the average depth
at which the ions 103 have entered. Therefore, the thickness of the single crystal

20  semiconductor layer separated from the semiconductor substrate 101 is determined by
the depth to which the ions 103 are added. The depth at which the embrittled region
104 is formed is adjusted so that the thickness of the single crystal semiconductor layer
can be greater than or equal to 110 nm and less than or equal to 500 nm, preferably

greater than or equal to 50 nm and less than or equal to 200 nm.
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The apparatus is called a non-nass-separati on apparatus because an obj ect
isirradiated wth all ions species in plasma w thout nass separation. In
contrast, an ion inplantation apparatus is a nmass-separati on apparatus. An
ion inmplantation apparatus is an apparatus with which an object is
irradiated with an ion species having a specific 10 nass after nass
separation of ion species in plasma. [0041] M n conponents of an ion
dopi ng apparatus are as follows: a chanber in which an object is placed;
an ion source for generating desired ions; and an accel eration mechani sm
for acceleration of ions for irradiation therewith. The ion source includes
a 15 gas SﬁﬂﬁbY device for supplying a source gas to generate desired ion
species, an electrode for exciting a source gas to generate plasm, and

the Tike. As thepgl aflitiRdeceidPl04GaREE ﬁ)hhaﬁb)pioﬁa g BedtinbRTEIn dBbREt r 0de, a

capaci tively coupled high-frequency discharge electrode, or the like is
used. The acaelar ahi QN pdREhed SR | ACHIRRingSlppabiedes tglbl&h i8$ dapingxt raction
el ectrode, an acceleration el ectfode, a deceleration 20 el ectrode, and a

r ound el eGLLOAG s 3 BRURL: SOUGGE JPhraf RIS ARt bRoddBSRharlepC T 0des

and the |i ese el ectrodes I ncluded in the accel erati on nmechani sm are

provi degl ! rafipil Wikl dif ¥on QPecRR RS BY oRlitalish of HpRVED eirkdiphoit whi Ch

are genera romthe 1 on source are accel erated. Noté€ that conponents of

the ion dopj g %BBE“ ot 1 m 56168 &J irlAgdiegonponent s
and an as;ﬁgg neéﬁ%ﬂ%g#?%gf&gé“¥%%h%$%%%%€%hﬁm?%%§§fqIn this gnbodinent,
hydrogen i g, 8dapdoto shdifes Sﬁf‘hﬁ&lﬂ&’%ﬁﬁ&t SRS e ich01 i Ldhtra@ ahCRndoOpi Ng

appar at us. A hydrogen-contai hing gas is supplied as a plasma source 5 gas.

For exanpl ¢, Raded SHBRLE &% mAsNYIEAREMpIRATL S AXPhlifflahQideRpaabs Pl asng;

i ons

is an apparatus with which an object is irradiated with an ion species having a specific
10  mass after mass separation of ion species in plasma.
[0041]

Main components of an ion doping apparatus are as follows: a chamber in
which an object is placed; an ion source for generating desired ions; and an acceleration
mechanism for acceleration of ions for irradiation therewith. The ion source includes a

15 gas supply device for supplying a source gas to generate desired ion species, an
electrode for exciting a source gas to generate plasma, and the like. As the electrode
for generating plasma, a filament electrode, a capacitively coupled high-frequency
discharge electrode, or the like is used. The acceleration mechanism includes
electrodes such as an extraction electrode, an acceleration electrode, a deceleration

20 electrode, and a ground electrode; a power source for supplying power to these
electrodes; and the like. These electrodes included in the acceleration mechanism are
provided with a plurality of openings or slits, through which ions which are generated
from the ion source are accelerated. Note that components of the ion doping apparatus

are not limited to the above-described components and an as-needed mechanism may be
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included in plasnma are accel erated wi thout mass separation; and the

sem conductor substrate 101 is irradiated with the accel erated ions.

[0043] In an ion doping apparatus, the percentage of H3' to the total

anount of ion 10 species (li', H2', and H3') that are generated froma
hydrogen gas is set to 50 %or nore. Preferably, the percentage of H3' is
set to 80 % or nore. Because an ion doping apparatus does not involve mass
separation, the percentage of one (H3+) of plural kinds of ion species
that are generated in plasma is preferably 50 % or nore, nore preferably,
80 % or nDre By irradiation with ions having the sane nmass, ions can be
added in a, lbe.goncentrated manner to the sane depth in the sem conductor
substrate ROl [0044] In order to formthe enbrittled region 104 in a
shaIIOM/regj the acceleration voltage for the ions 103 needs to be | ow.
By increas i the percentage of H3' ions in plasm, the enbrittled region

104 can be for m?iﬂtﬁl?exﬂb&hﬁédtq}wo%% QRdd B AR skRRoABRRBr 26bs@htean] WRh ion is
three tines as | arge as that an H ion, H3' ions are added in a

shal | ower Ofhph e tu'sonﬁlh BnRGEEY B4k is@Fp1@lat agRash soliRe Sane.
[ 0045] Becaugg't Iﬁ%ﬁ? . 'E?onnis ?%?é% t?ﬁ%s as %grge as that of an

H ion, &0 @ eﬁaﬁﬁg Oﬁ§{§ sﬁ%fgh' S fSgknl s sRRCIRATE gElRRitdIpladnhle ions

acceleratl n vo age 16 1on can be three tines as high as that

of an Ht | &Plud&![‘%{‘ algkﬂa %fecgéc@fef’aﬁzédoﬂlﬂ’(dﬁlt 129€ séfafatioh,0NR GBNeRRohdIRIRased, the
takt time of an ioh irradiation step can be shortened and product|V|ty and

throughput,@ggmp@ gﬁg&i 6oL dicRethdt oy increase in the percentage of

H3+ i ons, om c ogen can be efficiently added to the 5
seniconduchﬂ4yfubstrate 101

In an ion doping apparatus, the percentage of Hs' to the total amount of ion
10  species (H, Hy', and Hs") that are generated from a hydrogen gas is set to 50 % or more.
Preferably, the percentage of Hs;' is set to 80 % or more. Because an ion doping
apparatus does not involve mass separation, the percentage of one (H3") of plural kinds
of ion species that are generated in plasma is preferably 50 % or more, more preferably,
80 % or more. By irradiation with ions having the same mass, ions can be added in a
15 concentrated manner to the same depth in the semiconductor substrate 101.
[0044]

In order to form the embrittled region 104 in a shallow region, the acceleration
voltage for the ions 103 needs to be low. By increase in the percentage of H;" ions in
plasma, the embrittled region 104 can be formed in a shallow region. Since the mass

20 of an H;' ion is three times as large as that of an H ion, H;" ions are added in a
shallower region than H' ions when an acceleration voltage is the same.
[0045]
Because the mass of an Hy' ion is three times as large as that of an H'" ion,

when one hydrogen atom is added to the same depth, the acceleration voltage for an Hs*
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[ 0046] Because ion dopi ng apparatuses are inexpensive and excellent for use
in large-area treatnent, by irradiation wth H3+ by use of such an ion
dopi ng apparatus, significant effects such as an inprovenent in

sem conductor characteristics, an increase 10 in area, a reduction in
costs, and an inprovenent in production efficiency can be obtained.
Further, in the case where an ion doping apparatus is used, heavy netals
may al so be introduced; however, by irradiation with ions through the oxide
film2102 containing chlorine atons, the sem conductor substrate 101 can be
prevented from being contam nated due to these heavy netal s as descri bed

above. 15 [;A0dflhNREE id@hs ﬁj??assﬁlﬁ%fgﬁ I hbE OdMBdnNEe hQBIcAG6E VBt @t | ons 103
r

into the sem conductor substrate 101 can al so be performed with an ion

| mpl ant at i Qi ARRHeAhiRased Al 1440 dhfEPAiO! bl RALIARRANG! U b stri@R@Samepar ati on
appar at us Ich introduces specific 1ion species into an object placed in a

chanber af &)%du@'l?xﬁtg' SEP SRR 0dn BE Uilhﬂslmdeh.ndac&frdiﬁgy,i B) BBRE&eHm @rner at ed

by excitation o source gas into plasma. Thus, in'the case of wusing an

i on inpl a“tpg#ck.gy%eigpamat s, bomi@h dl%géh KB dafNBe tiRliendlyCa@iRA AR DY

excitation rogen gas and P re subjected to nass separation, and
ei ther K+ s&ﬂﬁﬁmﬁ&mﬁéhmﬁ£9§0ﬁre accel erated and introduced into the
seniconguctor substrate 101. [0048] 17 Next, a supporting substrate 121 is
pr epar ed (i&ﬁ@EIG 1B-1). [0049] As the supporting substrate 121, a
substrate d of an insulator is used. Specifically, a variety of gl ass

substrates that gre used .t h | €S ndustry, :
al um nosilicate % QLY lsolrjlb% q)r"}ft g%p%aglfsh%n%ﬁgo o?%%gﬁv?cag%{eexg#%@s f(gru stlrnat es, and

bari um large-area treatment, by irradiation with H:* by use of such an ion doping apparatus,

significant effects such as an improvement in semiconductor characteristics, an increase
10 in area, a reduction in costs, and an improvement in production efficiency can be
obtained. Further, in the case where an ion doping apparatus is used, heavy metals
may also be introduced; however, by irradiation with ions through the oxide film 102
containing chlorine atoms, the semiconductor substrate 101 can be prevented from
being contaminated due to these heavy metals as described above.
15 [0047]
Note that the step of introducing the accelerated ions 103 into the
semiconductor substrate 101 can also be performed with an ion implantation apparatus.
An jon implantation apparatus is a mass-separation apparatus which introduces specific
jon species into an object placed in a chamber after mass separation of plural kinds of
20  ion species generated by excitation of a source gas into plasma. Thus, in the case of
using an ion implantation apparatus, H' ions and H," jons that are generated by
excitation of a hydrogen gas and PHj are subjected to mass separation, and either H

ions or H," ions are accelerated and introduced into the semiconductor substrate 101.

[0048]
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borosilicate gl ass substrates; quartz substrates; ceram c substrates; and
sapphire substrates can be given. In this enbodi nent, a case of using a
gl ass substrate is described. By using a glass substrate which can have a
| arge area and is inexpensive as the supporting substrate 121, the cost
can be reduced as conpared to the case of 10 using a silicon wafer. [0050]
Further, a surface of the supporting substrate 121 is preferably cl eaned
before the supporting substrate 121 is used. Specifically, ultrasonic
cleaning is performed on the supporting substrate 121 using a sulfuric
aci d/ hydrogen peroxi de m xture (SPM, an 15 anmoni um hydroxi de/ hydr ogen
per oxi de m xt ur entAPMupp@ikly SHQEM P111i6 pRpared RysiFlenes-1).per oxi de mi xture
(HPM), diluted hydrogen fluoride (DHF), ozone water, or the |ike. For
exanpl e, uk&ﬁgfonic cleaning is preferably performed on the surface of the
supporting substrate 121 using a hydrochl oric aci d/ hydrogen peroxide

mxture. By sucly ?ﬁee&?{é&ang LEALIBNRI, 4 Bebsihte (8GR0l dhRsaMBPAT dsbN
substrate 121 can be planarized 20 and abrasive particles remaining on the

surface -Ca%Qﬁﬁéag ! Veer] GABAL siRihtes th3€ars WSdaaE Shdbleddfics SN ditht OF

substrate 1 an e surface of the supporting substrate 121 are di sposed

to facegzeagh athes Cuinobhie st last khyRd02 ABbhake Surface
of the gup%gratl ngésgﬁ: s?%l%étggsu%ff{eg’rgmbor?dedsto egcaksl ot her (see 118 FIG 1C).

[0052] Herfgﬁ(_)s%get@ gl&éges&gﬂt&? Eosrubﬁzi'él?e%,t rdtaghid Glhbaatkst Red Sd4pRatet i ng

substrate sposed In'contact wth each other, a pressure of about

1 to 500 N r ) C i | i;on of the
sﬁﬂgﬁgtﬁg gf%r gté ?W]%l InFth}s Eﬂh@n&l{t, RfeatsS o RRAE 81hR AbRAL i

sem conduct or rom t
described. By using a glass substrate which can have a large area and is inexpensive

as the supporting substrate 121, the cost can be reduced as compared to the case of
10  using a silicon wafer.
[0050}

Further, a surface of the supporting substrate 121 is preferably cleaned before
the supporting substrate 121 is used. Specifically, ultrasonic cleaning is performed on
the supporting substrate 121 using a sulfuric acid/hydrogen peroxide mixture (SPM), an

15 ammonium hydroxide/hydrogen peroxide mixture (APM), a hydrochloric acid/hydrogen
peroxide mixture (HPM), diluted hydrogen fluoride (DHF), ozone water, or fhe like.
For example, ultrasonic cleaning is preferably performed on the surface of the
supporting substrate 121 using a hydrochloric acid/hydrogen peroxide mixture. By
such cleaning treatment, the surface of the supporting substrate 121 can be planarized
20  and abrasive particles remaining on the surface can be removed.
[0051]

Next, the surface of the semiconductor substrate 101 and the surface of the

supporting substrate 121 are disposed to face each other, and the surface of the oxide

film 102 and the surface of the supporting substrate 121 are bonded to each other (see
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portion where pressure is applied, the oxide film 102 and the supporting
substrate 121 start bonding to each other and the spontaneous bondi ng
proceeds throughout alnost the entire surface. This bonding step is
perfornmed by the action of van der Waals force or hydrogen bondi ng and can
be perfornmed at roomtenperature without heat treatnent. 10 Thus, a
substrate having a | ow heat resistance, such as a glass substrate, can be
used as the supporting substrate 121. [0053] Note that, before the

sem conductor substrate 101 and the supporting substrate 121 are bonded to
each other, the oxide film 102 forned on the sem conductor substrate 15
101 and tth§q@90rting substrate 121 are preferably subjected to surface
treatment. As surface treatnment, ozone treatnent (such as cleaning with
ozone mategibz gasonic cleaning, two fluid cleaning (a nethod in which
spraying functional water such as pure water or hydrogen-containing water

With a carrier gggeSHe iRSseMidoh@Ees)subMate?1 01CRARMO MppBRink REs@ef 10an be
performed. Alternatively, cleaning with ozone water and 20 cleaning with

hydr of | uor g 'ogedrmmp%t WEREALESARE! ApRbsutd SEBout! NtoBA0 IN/GA, Boferadly,er

plasma treatnment 1s performed on the surface of the oxide film 102 and the

surf aceqof 1 (4 WHRPR IpliGy RHPBLiBA Bf i Lsefifoofl@Re BSOS, PR frdce

treatnment is pertforned, ereby dust such as organi ¢ substances on the

surface of p&l?i%n %'gl%gﬁ%@s%r%’é;%ﬁ:rh 1Ghd BEde filth 1 6F EncdPhhe kPoRiHRRABuaRAI23UbSt r at e

121 can be“renpbve aces can be nmade 19 'hydrophilic. As a

result,  bongl gty SNLILELYR B s R AGniik B0 Ahdioe aisuRer | ng

substrate e I nprove Note that, after the sem conductor

substrate é,i%e loSer gn dnggs béhdt éeﬁa%fpg%&rhl@@ by eSS 6808 déPWaalb 8de &7 €at MEnt

is preferably pertor In o I ncrease the bonding
hydrogen bonding and can be performed at room temperature without heat treatment.

10  Thus, a substrate having a low heat resistance, such as a glass substrate, can be used as
the supporting substrate 121.
[0053]
Note that, before the semiconductor substrate 101 and the supporting substrate
121 are bonded to each other, the oxide film 102 formed on the semiconductor substrate
15 101 and the supporting substrate 121 are preferably subjected to surface treatment. As
surface treatment, ozone treatment (such as cleaning with ozone water), megasonic
cleaning, two fluid cleaning (a method in which spraying functional water such as pure
water or hydrogen-containing water with a carrier gas such as nitrogen), or a
combination thereof can be performed. Alternatively, cleaning with ozone water and
20 cleaning with hydrofluoric acid may be repeated plural times. In particular, after
plasma treatment is performed on the surface of the oxide film 102 and the surface of
the supporting substrate 121 as described above, surface treatment is performed,
whereby dust such as organic substances on the surface of the oxide film 102 and the

surface of the supporting substrate 121 can be removed and the surfaces can be made
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strength between the oxide film 102 and the supporting substrate 121. This
heat treatnent is perfornmed at a tenperature where a crack i s not
generated in the enbrittled region 104 and is perfornmed at a tenperature
hi gher than or equal to roomtenperature and |ower than 400 C, for
exanple. The oxide film 102 may be bonded to the 10 supporting substrate
121 while heating at a tenperature within the above range. The heat
treatment can be perforned using a diffusion furnace, a heating fa nace
such as a resistance heating furnace, a rapid thermal annealing (RTA)
apparatus, a mcrowave heating apparatus, or the like. [0055] 15 In

general , WighohigRd tALatRBIH HoRdiBETd@hIE heBiech Be RIR HiniEBl03Sar@r thaf ter the
bondi ng of the oxide film 102 and t he supporting substrate 121, dehydration

reaction pip6RRdsutdiral el bandimpoved er face and the bonding surfaces cone
closer. Thus, theé bonding is strengthened by strengtheni ng hydrogen bond
or form ng @SQ]OvaI ent bond. In order to pronote the dehydration reaction,
noi sture ggnerat ed at the bonding 20 interface through the dehydration

reaction shoul d e HERONEH ayifahaldGAERAte B AltBidcd BTRELRpURfe | D OL her

wor ds, when heat treat’nent after bonding I's perforned at | ow tenperature,

LSRRG PRI Rt B OB d ey oo o

cannot renove ectiv ydr ation reaction does not

roceed an ngli r.engd t i (Client | ¥ 0056] On

Ito he ot her g%errllg?l ?éﬁt&}tgﬂlz{hgase % %?gﬁgnang)e(tlh %Iggé@?&rﬁn%c%%%tﬁ:lgg cryﬁllu%%igegfa at o]ms
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and lower than 400 °C, for example. The oxide film 102 may be bonded to the

10  supporting substrate 121 while heating at a temperature within the above range. The
heat treatment can be performed using a diffusion furnace, a heating furnace such as a
resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
heating apparatus, or the like.

[0055]

15 In general, when heat treatment is performed at the same time as or after the
bonding of the oxide film 102 and the supporting substrate 121, dehydration reaction
proceeds at the bonding interface and the bonding surfaces come closer. Thus, the
bonding is strengthened by strengthening hydrogen bond or forming a covalent bond.
In order to promote the dehydration reaction, moisture generated at the bonding

20 interface through the dehydration reaction should be removed by heat treatment at high
temperature. In other words, when heat treatment after bonding is performed at low
temperature, moisture generated at the bonding interface through a dehydration reaction
cannot be removed effectively; thus, the dehydration reaction does not proceed and

bonding strength cannot be improved suﬁiciently.
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reacti on can be absorbed and diffused into the oxide film 102, and the
dehydration reaction can be pronoted efficiently. In this case, even when
a low heat-resistant substrate such as a glass substrate is used as the
supporting substrate 121, the bonding strength between the oxide film 102
and the supporting substrate 121 can be sufficiently 10 inproved. [0057]
Next, heat treatnent is perforned to carry out separation (cleavage) al ong
the enbrittled region 104, whereby a single crystal sem conductor |ayer
123 (here, a single crystal silicon layer) is provided over the supporting
substrate 121 with the oxide film 15 102 interposed therebetween (see FIG
1D). [0058£ @@ n the heat treatnent is perforned, the atom added is

separ at ed |nto m crovoi ds which are forned in the enbrittled region

104 by increase bﬂtﬁe%m&?ﬁﬁh%%eca%&hér@h%ﬂaé il Sopsiiif Sloddi@idmscorovoi ds is
increased. By increasing the pressure, the 20 mcrovoids in the enbrittled

regi on 104 gar i £hangedsie YO BmANS, T bAGK fikh 192NRARLSSH dnd diffdse
enmbrittled region 104. Thus, the sem conductor substrate 101 is cl eaved

along the ephritthad r&ghoPhchOflea BoGANSE dite wkiide &1 hoolal ics 1bended to

the supporting substrfate 121, the single crystal Semconductor |ayer 123

whi ch 15 sepafaled TRl Eﬁ orEdN 26 QR Behdihg ShtBFideathfouth khé chRidtRd over the

supporti ng “substrate 121. eat 21 treatnent is perforned at a

tenperat ur agﬁ EXCHEE N Dbl Qﬁd QHRED 119(9 i oﬂ&e HRE 19D PRQM thi Ly Eatlat r at e
121. [0059 eat treatnment can be performed using a dlffu5|on f ur nace,

a heating (%‘?EA BACEe fb%t&ﬁe@ideﬁ@ SYARGE RRALIAOwheH RA6H heft-fe@Rthst t her mal

anneal i ng appar
substrate such as a glass substrate is used as the supporting substrate 121, the bonding

strength between the oxide film 102 and the supporting substrate 121 can be sufficiently
10  improved.
[0057]

Next, heat treatment is performed to carry out separation (cleavage) along the
embrittled region 104, whereby a single crystal semiconductor layer 123 (here, a single
crystal silicon layer) is provided over the supporting substrate 121 with the oxide film

15 102 interposed therebetween (see FIG. 1D).
[0058]

When the heat treatment is performed, the atom added is separated out into
microvoids which are formed in the embrittled region 104 by increase in temperature,
and internal pressure of the microvoids is increased. By increasing the pressure, the

20  microvoids in the embrittled region 104 are changed in volume and a crack is generated
in the embrittled region 104. Thus, the semiconductor substrate 101 is cleaved along
the embrittled region 104. Because the oxide film 102 is bonded to the supporting
substrate 121, the single crystal semiconductor layer 123 which is separated from the

semiconductor substrate 101 is formed over the supporting substrate 121. This heat
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a mcrowave heating apparatus, or the |like. For exanple, the heat treatnent
can be perforned using an RTA apparatus at a heating tenperature of higher
than or equal to 550 C and | ower than or equal to 730 C for greater than
or equal to 0.5 mnute and |less than or equal to 60 m nutes. 10 [0060]
Note that, by the heat treatnment of FIG 1D w thout the above-descri bed
heat treatnent for increasing the bonding strength between the supporting
substrate 121 and the oxide film 102, the heat treatnment step for

i ncreasing the bonding strength between the oxide film 102 and the
supporting substrate 121 and the heat treatnent step for 15 causing
separation i ' | e&ﬂﬁ&%?ﬁw@&dﬁ bfn@bMAd s@lpoitih@ Sanme
tinme. [00g%%ﬁgﬁ?%ggﬁﬁﬁﬁgh%%%ggwﬁﬁgg§? an S subst?ate in xﬁ?kh ?he single
crystal segmgo@pdugtor layer 123 is provided over the supporting substrate
121 with the oxide film 102 interposed therebetween can be manufact ured.
Wth the nT@%@?cturing 20 met hod described in this enbodi nent, even in the
case where e oxide film102 is used as the bonding |ayer, the bonding
strength between . i g gl t al

sem conduct or | 2{/%%1%&%%?&% f o %gg%v%égﬁegnﬁge?%ﬁ% firhddey § Ledais

can be 1np iability can be i nproved.
Tayer 133 raitechtibdTeiaredRbs Kk Bol e G M eI e and.
crystal senvBpiasl srig flidlyl U (R RECC KRGS d o heh R R ) ean
pe formed. L Q00h uhile 30 Rri QaraR of QHELRE ASAKAE honbMEP Bl giélar 89 2

hal ogen sue s ¢ch ne on _ ~S¢ tor substrate si
manuf act ur ISQ(? °8 ra(I)l& osvaar ﬁaa?l ol%eeqéa{l %)1736 I’Ce %raé}gater than or equal to 0.5 minute and

less than or equal to 60 minutes.

10 [0060]

Note that, by the heat treatment of FIG. 1D without the above-described heat
treatment for increasing the bonding strength between the supporting substrate 121 and
the oxide film 102, the heat treatment step for increasing the bonding strength between
the oxide film 102 and the supporting substrate 121 and the heat treatment step for

15  causing separation along the embrittled region 104 may be performed at the same time.
[0061]

Through the above steps, an SOI substrate in which the single crystal
semiconductor layer 123 is provided over the supporting substrate 121 with the oxide
film 102 interposed therebetween can be manufactured. With the manufacturing

20  method described in this embodiment, even in the case where the oxide film 102 is used
as the bonding layer, the bonding strength between the supporting substrate 121 and the
single crystal semiconductor layer 123 can be improved and reliability can be improved.

. As a result, diffusion of impurities into the single crystal semiconductor layer 123 -

formed over the supporting substrate 121 can be suppressed and an SOI substrate in
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inmpurity elements can be prevented fromentering the sem conductor
substrate before bonding the supporting substrate and the sem conduct or
substrate to each other. Further, by formng the oxide film containing a
hal ogen such as chlorine as a bonding |ayer which is provided on the

sem conductor substrate side, bonding strength can be 10 i nproved by
pronoti ng dehydrogenation reaction efficiently even when the heat
treatnment after bonding is perfornmed at | ow tenperature. [0063] Next,
crystal defects remaining on the surface of the single crystal

sem conductor |ayer 123 bonded to the supporting substrate are renoved by

etching. IpidReheSippofiig shikubhidel 2 QRd addiidgdlofryshieRmfi@hdddrThye 12 ere
enbrittled region 4 or the separation step exist on the surface of the

singl e crygigbsed GI6RNAMELHmbyP %8 be dtded. | | ustrated in FIG 2A and
planarity of the surface of the single crystal sem conductor |ayer is

damaged. Iggyﬁ}difficult to forma gate insulating |ayer which is thin and
has hi gh thstand vol tage on such a surface of the single crystal

sem conduct or | ayeliqdids %Qox‘i‘ﬁ]ﬂ%ﬁle Rk A8 Filrh e¥nthifind ATRBREN sudh adcHlfigenngl €
crystal sem conductor layer 123 has defects, performance and reliability

of trangi sty §enﬁ@é(nd9§cg§§m%&§t%| Md&fd %%ﬁﬂcmﬁﬂ% préATBAE be tshifplifRaadddzed state

density at the Inter etween a gate insulating |ayer and the single

crystal senfconduel Q! @Y Sk phiantkd fbRCLRAHEdne IRGESIINES: sbb@Ad BEBfe f Or
removing the detects of the single crystal sem conductor |ayer 123 is

performed. (NoLig 1k shltdbtinsNSupLRRY edﬁdlsi!ﬂéps%m@dconaﬁh%‘ors yibkaae 10f eabh syl €

crystal sem conductor lTayer 123 in FIG 2A just shows characteristically

that the s i | L shape is
{'Lﬁr,g,rebg{ %r&%g?fge ?}Ege Ras ctﬂﬁzgﬁmE L3AREEL Yuch @B GhibARe aPE botlings hap

not limte at the thickness of the single crystal

igg con fgcﬁgerl%%ﬁﬁ? 32idM oG hnd SnRBRhAe BN rdd §as ARAkiAL isREhed &R HeS about
10  improved by promoting dehydrogenation reaction efficiently even when the heat
treatment after bonding is performed at low temperature.
[0063]
Next, crystal defects remaining on the surface of the single crystal
semiconductor layer 123 bonded to the supporting substrate are removed by etching.
16 Defects due to the ion addition step for forming the embrittled region 104 or the
separation step exist on the surface of the single crystal semiconductor layer 123
illustrated in FIG. 2A, and planarity of the surface of the single crystal semiconductor
layer is damaged. It is difficult to form a gate insulating layer which is thin and has
high withstand voltage on such a surface of the single crystal semiconductor layer 123
20  whose planarity is damaged. When the single crystal semiconductor layer 123 has
defects, performance and reliability of transistors may be adversely affected; for
example, the localized state density at the interface between a gate insulating layer and

~ the single crystal semiconductor layer 123 is increased. Therefore, treatment for -

removing the defects of the single crystal semiconductor layer 123 is performed. Note
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[0064] In order to renove the defects existing on the surface of the single
crystal sem conductor l|ayer 123, first etching is perfornmed on the surface
of the single crystal sem conductor |ayer 123 (see FIG2B). In this

enbodi ment, for exanple, a dry 10 etching nmethod such as reactive ion
etching (RIE), inductively coupled plasma (ICP) etching, electron
cyclotron resonance (ECR) etching, parallel plate (capacitively coupled

pl asma) etching, magnetron plasnma etching, dual -frequency plasna etching,

or helicon wave plasma etching is used. [0065] 15 By renoval of the
surface of the single crystal sem conductor |ayer 123 by performng

et chi ng on gl e hh Shapk ¥ Bihg kurBRELEMB Siuple Rfystabediicohdiktortiigr U2f mas. f or med
on the surface of the single crystal sem conductor |ayer 123 can be

removed, and jhdiWowssihhasStcANIRNaRSsuRficd 18 forEh AA BasqioyShlanarig dhcmpduct or
| ayer 123 can be reduced. For °~ exanple, when ICP etching is used, etching

may be per\fﬁﬂﬁﬁeﬁabm%eﬁott Bk Olleaud NINAL teaNHE thigfss bheénd kigye rapsial of
chl ori ne, Ich i1s an etching gas: 40 sccmto 100 seem power applied to a

coil type ?érﬁl&t)rﬁﬂgﬁr la}gol_ZW&Bch’e B0 Mindd s, RO WEaraBR stefds hSbu 1M to

el ectrode (on the biasS side): 40 Wto 100 W "and the reaction pressure: 0.5
Pa to 1,0 Rag,mFor the etching gas, a chlorine-based gas such as chlorine,
bor on cﬁloride, silicon chloride or carbon tetrachloride; a fluorine-based
gas such agxgngon tetrafluoride, sulfur 24 fluoride, or nitrogen
fluoride; Or oxygen is used as appropriate. The size and depth of the

defect of the Sij]ﬂgdrﬁer%grg%\?lla ﬁﬁrﬁe@&ﬁdéﬁstﬁﬁ% onBHE sufRI Wit the SBM dripalamount  of

energy or the dose of tion of 1ons. Thus, the thickness of the single

LISt SCTLFOULyel ST Bl SN bt stysiauriymy o oo
sem Conducrsgﬁicén?dﬁ%r :i'.%r\?ir ti% c(ge(ae Fiee 2ﬁ3i).r Sin ﬁiscgﬁlﬁlgihﬂ&g, for example, a dry

10  etching method such as reactive ion etching (RIE), inductively coupled plasma (ICP)
etching, electron cyclotron resonance (ECR) etching, parallel plate (capacitively
coupled plasma) etching, magnetron plasma etching, dual-frequency plasma etching, or
helicon wave plasma etching is used.

[0065]

15 By removal of the surface of the single crystal semiconductor layer 123 by
performing etching on the single crystal semiconductor layer 123, the defects formed on
the surface of the single crystal semiconductor layer 123 can be removed, and thus
surface roughness of the single crystal semiconductor layer 123 can be reduced. For
example, when ICP eiching is used, etching may be performed under the following

20  conditions: the flow rate of chlorine, which is an etching gas: 40 sccm to 100 scem,
power applied to a coil type electrode: 100 W to 200 W; the power applied to a lower
electrode (on the bias side): 40 W to 100 W; and the reaction pressure: 0.5 Pa to 1.0 Pa.
For the etching gas, a chlorine-based gas such as chlorine, boron chloride, silicon

chloride or carbon tetrachloride; a fluorine-based gas such as carbon tetrafluoride, sulfur
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surface roughness thereof. [0066] The first etching illustrated in FIG 2B
can be perfornmed as follows: a flowrate of chlorine, which is an etching
gas: 100 sccm power applied to the coil electrode: 150 10 W power
applied to the lower electrode: 40 W and reaction pressure: 1.0 Pa to
remove the single crystal sem conductor |layer 123 to about 120 nm [0067]
By the first etching perforned on the surface of the single crystal

sem conductor | ayer bonded to the supporting substrate by separation of the
single 15 crystal sem conductor substrate, the defects due to the ion
addition step or the separation step can be renoved; thus, surface

roughness f;olifle oS hith& MloYids;dr oxpRAIiE MM WS hftfrograker TE@BizO&nd &piicsd. [ 0068]
Note that crystal defects are forned in the single crystal sem conductor

layer 20 }eehdaopsade mgil& B s URRRIhiRErIresichals@roklthe Qitbig of Bndig@rdrat i on of
the enbrittled region 04 and separation at the enbrittled region 104. In

order to regdugRe bhgadifiorSsBbndefBGes, She inibkh&6 of RWiIIC ElyShBdent@imiGaduct or
| ayer 123 and recover the crystallinity of the single crystal

sem C.OndUCtl%rer kLAY EFembrad b%lﬁfé HisNGLRing MAFIR! seb by el @pehddiCon 23 1S
irradiated wth a laser beam 107 as illTustrated in FIG 2C 25 [0069] As

i ndi cat gd byt aRBREF AW 08 AhEl SuliERARcte laf 128 REbE (B¢ ¥i5d akchsMmrsaonduct or

|l ayer 123 is irradiated™wth a | aser beam 107 in such a manner that the

single cryghglee Gph&OBANGEOr | ayer 123 is scanned with the |aser beam 107
whil e the supporting 5 substrate 121 is noved. By irradiation wth the
| aser beank&ﬂ%] part of the single

The first etching illustrated in FIG. 2B can be performed as follows: a flow rate
of chlorine, which is an etching gas: 100 sccm, power applied to the coil electrode: 150
10 W, power applied to the lower electrode: 40 W, and reaction pressure: 1.0 Pa to remove
the single crystal semiconductor layer 123 to about 120 nm.
[0067]
By the first etching performed on the surface of the single crystal
semiconductor layer bonded to the supporting substrate by separation of the single
15  crystal semiconductor substrate, the defects due to the ion addition step or the
separation step can be removed; thus, surface roughness of the single crystal
semiconductor layer can be reduced.
[0068]
Note that crystal defects are formed in the single crystal semiconductor layer
20 123 bonded to the supporting substrate 121 owing to formation of the embrittied region
104 and separation at the embrittled region 104. In order to reduce the crystal defects
in the single crystal semiconductor layer 123 and recover the crystallinity of the single
. crystal semiconductor layer 123, the single crystal semiconductor layer 123 is irradiated

with a laser beam 107 as illustrated in FIG. 2C.
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crystal sem conductor |ayer 123 or the entire layer in the depth direction
is nelted. Wen the single crystal sem conductor |ayer is nelted,
planarity is increased by an effect of surface tension. In FIG 2C, the
state in which part of the single crystal sem conductor layer is nelted is
schematically shown, and at |east part of a part 109 10 surrounded by a
dotted line becones a |iquid phase after exceeding 1410 C which is the
melting point of silicon. [0070] By irradiation with the | aser beam 107
from an upper surface side of the single crystal sem conductor |ayer, the
upper surface of the single crystal sem conductor |layer 15 can be nelted.
Af ter beingxggjted, the single crystal sem conductor |ayer is cooled and
solidified, whereby a single crystal sem conductor |ayer with inproved

upper surface phapgichiy b? af aBEw Ak 2ihB 8ekacWiot et iyldIs9stall setnitdndaser beam
107, the supporting substrate 121 1s not directly heated; thus, increase

in the temperAisy & iRldilb® wiH APt bBfn 167 BSidcAndehdr GANHBRINglPRYRASed.
Accordi ngly,” a substrate having a | ow heat resistance, 20 such as a gl ass

substrate, (CaNRRMS e eRT2F B sQHMAOKIth Bk $BShdagt S07 hile [(RO &ddporking mel ti ng
state of the single crystal sem conductor layer 123 by irradiation wth

the I'asgr QAAM 0% TRYadies Ci iR b e KB BelnP\GH, GaRof the singl
e

conpl etel y-ne state. Not'e that the term "conplete nelting” here neans

that the si H’?{%E sef}%jy@dﬁétors BYC PRACHE TentirOla) @WR Mthel depth FirBRioh s nlefred.he

vicinity of r intefface to be nmade in a liquid phase. On the other

hand, in tRyR.,Gas %mgfeh&ysrtéﬁ&l'e}fgﬁogﬂﬁﬁcitcﬁ'llaﬁ I inﬁlgséd, gﬁ?fgﬁtyt@%cﬂafﬁ@d wppar part of

the single crystal Sem ton tor layer is nelte be made in a liquid

phase whi | gfﬁt:cl?%f SR RS TDSIGOIC, | e RRte BWhRA paﬂlq)ﬂl the $inisle! crisftata solid

phase. Preferably, the upper layer 5 (the superficial |layer side) is nelted

to bein a séﬂugﬁﬂ&actgpﬁ@@r Rkikh%s écﬂ%ﬁtiéaﬁygﬁov&ﬁ, RR4 at least part of a part 109
10 surrounded by a dotted line becomes a liquid phase after exceeding 1410 °C which is
the melting point of silicon.

[0070]

By irradiation with the laser beam 107 from an upper surface side of the single
crystal semiconductor layer, the upper surface of the single crystal semiconductor layer
15 can be melted. After being melted, the single crystal semiconductor layer is cooled
and solidified, whereby a single crystal semiconductor layer with improved upper
surface planarity can be obtained. With the use of the laser beam 107, the supporting
substrate 121 is not directly heated; thus, increase in the temperature of the supporting
substrate 121 can be suppressed. Accordingly, a substrate having a low heat resistance,
20  such as a glass substrate, can be used as the supporting substrate 121.
[0071] |
The melting state of the single crystal semiconductor layer 123 by irradiation
with the laser beam 107 may be either partially-melted state or completely-melted state.

Note that the term “complete melting” here means that the single crystal semiconductor
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supporting substrate side) is not nelted to be in a solid phase so that a
partially-nelted state is obtained, whereby crystal growh proceeds from
the solid phase portion. Thus, the defects in the single crystal

sem conductor |ayer can be reduced. [0072] 10 For the above-descri bed

| aser beamirradiation, a pulsed |aser is preferably used. This is because
a pul sed | aser can instantaneously emt a pulsed | aser beamw th high
energy and a nelted state can easily be obtained. The repetition rate is
preferably about greater than or equal to 1 Hz and |l ess than or equal to
10 MHz. [0073] 15 The single crystal sem conductor |layer 123 is irradiated

with the |gggef 1?&1@%&1’@ t@ﬁ%%duﬁ%f@@@%@mr RidrtacOlo bd@addal Sifid pige.si ngl e

crystal sem’conductor layer is nelted and recrystallized, so that a better

single cryghghe 58 LARGMGHQ rcaéeaﬂfl@ "terﬁlaqﬂaﬁ@ﬁl RABkiAL NB6hns (150 tachiper pak)of

Accordingly, defects caused by addition of ions can be reduced, and a

singl e CW;ﬁeavag?@E?y&m%%H&ucmm@r WhRSRd & ¥Shald inl hatid phakesmuensd can be

obt ai ned. 20 Moreover, etching is performed before | aser beamirradiation,

wher eby thgmfer@gﬁ fhefdo¥ Bl mef@Nng QGHGH @ 5olldEDhaSe. C@be&@bl?ﬁﬁ‘é’vg%%ﬁﬂ ydrr om

i ncl udi ng ts or danage at the time of ‘being nel t ed 74] In this

manner, st hggl Aok sTaRflisahdiRA m@% al iquRPSISO L&Y e mat laﬂé?quféoo' 27

@ﬁ&?ﬁ(g
down a surface o ‘ﬁe supportl ng su bstrate 1n a short tine; I NCrease

in the teqperatils SQIfatetsE:Q) RURP et b%qﬂatsaﬁé FhaBE8h ta@t SHRRAISSHEkd and a

substrat e havi ng a resi stance, such as a glass substrate, can be
e e A e R L
repaired. the defects in the single crystal semiconductor layer can be reduced.
[0072]
10 For the above-described laser beam irradiation, a pulsed laser is preferably used.
This is because a pulsed laser can instantaneously emit a pulsed laser beam with high
energy and a melted state can easily be obtained. The repetition rate is preferably
about greater than or equal to 1 Hz and less than or equal to 10 MHz.
[0073]
15 The single crystal semiconductor layer 123 is irradiated with the laser beam as
described above, part or the whole of the single crystal semiconductor layer is melted
and recrystallized, so that a better single crystal semiconductor layer can be obtained
(see Fig. 2D). Accordingly, defects caused by addition of ions can be reduced, and a
single crystal semiconductor layer whose crystallinity is recovered can be obtained.
20 Moreover, etching is performed before laser beam irradiation, whereby the single crystal
semiconductor layer can be prevented from including defects or damage at the time of
being melted.
[0074]

In this manner, the laser beam irradiation makes it possible to heat and cool
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[0075] Next, treatnent is performed for reducing the thickness of the
single crystal sem conductor layer 123 to such a thickness that is optinal
for a sem conductor elenment to be fornmed later (see FIG 2E). This
thinning step is preferably perfornmed by etching 10 in which a substrate
bias is not applied (also referred to as second etching). [0076] FIG 3
illustrates an exanple of a structure of a parallel plate (capacitive
coupling) plasna CVD apparatus as an exanpl e of an apparatus which is used
in this enbodinment. The plasna CVD apparatus illustrated in FIG 3 includes
a process 15 chanber 620, a stage 621, a gas supply portion 622, a shower

pl ate 623, 35#n eXhamst PR sufiRfingdRbURREn @l §okt Gsle;, 625, indrehVEBY thel ect r ode
626, an alternate-current power source 627, a matching controller 628, and

a tenperat W e .6aBE bOht SiprdaAts sThiEalicah BOGHpreBRHEER subgratiiRegallet r ode 625
and the | ower el ectrode 556 I's about 10 mmto 70 nm [0077] 20 Wen

treat ment i g pafdMedrastnds Ta*g%afsbﬁlbmra@e? 0% GMRe@RPAE Alppsrtink kustra@! ethdsn FI G

3, agiven gas Is supplied fromthe gas supply portion 622. The gas is

i ntroduced i fiR inthesiBERCARHI hathRIucER ybhdRUShhd 1h AIAMORIstepl Ah®e623.

H gh-frequency power 1S d&applied by the alternate-current power source 627
connect gd LomtRpRRGfedel ectrode 625 and the | ower electrode 626 to excite
the gas in the process chanber 120, thereby 28 generating plasna. Further,
the gas in &ﬁg}process chanmber 620 is exhausted through the exhaust port
624 whi ch is connected to a vacuum punp. Further, the tenperature

control | er 629 Strd b RmEP FRGiHRHD BE GRLRGsIGE he sARI0RyRAL 1S
bei ng heat ed. te’?ig?aﬁﬁib?omer electr%%% 626 issgrounge fggy[0078]

semiconductor layer 123 to such a thickness that is optimal for a semiconductor element

to be formed later (see FIG. 2E). This thinning step is preferably performed by etching
10 in which a substrate bias is not applied (also referred to as second etching).
[0076]

FIG. 3 illustrates an example of a structure of a parallel plate (capacitive
coupling) plasma CVD apparatus as an example of an apparatus which is used in this
embodiment. The plasma CVD apparatus illustrated in FIG 3 includes a process

15  chamber 620, a stage 621, a gas supply portion 622, a shower plate 623, an exhaust port
624, an upper electrode 625, a lower electrode 626, an alternate-current power source
627, a matching controller 628, and a temperature controlier 629. The distance
between the upper electrode 625 and the lower electrode 626 is about 10 mm to 70 mm.
[0077]

20 When treatment is performed with the plasma CVD apparatus illustrated in FIG.
3, a given gas is supplied from the gas supply portion 622. The gas is introduced into
the process chamber 620 through the shower plate 623. High-frequency power is
applied by the alternate-current power source 627 connected to the upper electrode 625

and the lower electrode 626 to excite the gas in the process chamber 120, thereby
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In the case of using the plasma CVD apparatus illustrated in FIG 3, the
etching of the single crystal sem conductor layer 123 is perfornmed in a
m xed gas of NF3 and N2. At this tinme, it is preferable that the flow
ratio of N2 to NF3 that are introduced into the process chanber 620 be
about 40:1; for exanple, the flowrate of N2 is 400 seemand 10 that of
NF3 is 10 Seem [0079] Note that conditions of the second etching can be as
follows: the RF power is 15 Wto 50 W(the power frequency: 13.56 MHz),
the pressure of the process chanber 620 at the tine of the second etching
is 65 Pa to 100 Pa, the distance between the 15 substrates is 21 mnmto 30

mm - and thg teiReihe Phritel e pRRY kel fi6cesittiiibat 6201i8 bxtidtsted BRodgh
specificall'y, the RF power is 50 W(13.56 MHz), the pressure of the process

chanber 62Q,Aknhiepdrt BB Bhich REconfsiATto AtvaRAYpirEp. 6 Fubifer, iHRacdpEitaRce
between the substrates is 30 nm and the tenperature of the supporting

substrate lgldisr 48 mikes {t YOG %O;f)&mnh%h%@caﬁme gt ehiefids veig Hehigl e

crystal sem conductor layer is preferably thinned to a thickness of

great er thap o QAlRWeE QectroBbANE olBadedt han or equal to 100 nm nore
preferably greater than or equal go 5 nor and |l ess than or equal to 60 nm

By pergori@ﬁ?]the second etching in this manner, the thickness of the
single crystal” sem conductor |ayer 123 can be reduced to the thickness

which is optinu ftﬁé e °§?Sé‘%qﬁgs ﬁlg%%?ggrapﬁmﬂbsme@g Ff[_@_rggg e'tc%:%r-

[0081] When a substrate etching the single crystal

S OO D e sl ryshf Smi Rk Sol 8,605 B/prblRk L BRAR SIGRAF, dnd paused i1

the singlecrys 5> sem conducto 3. Further,” there Is concern
that inpur IAtt Ty tiﬁlre,e it %srgrétggﬂféqgat ¥ Bow ratio of N; to NF; that are introduced into the

process chamber 620 be about 40:1; for example, the flow rate of N is 400 sccm and
10  that of NIF3 is 10 sccm.
[0079]
Note that conditions of the second etching can be as follows: the RF power is
15 W to 50 W (the power frequency: 13.56 MHz), the pressure of the process chamber
620 at the time of the second etching is 65 Pa to 100 Pa, the distance between the

15  substrates is 21 mm to 30 mm, and the temperature of the supporting substrate 121 is
200 °C, specifically, the RF power is 50 W (13.56 MHz), the pressure of the process
chamber 620 at the time of the second etching is 65 Pa, the distance between the
substrates is 30 mm, and the temperature of the supporting substrate 121 is 200 °C.
[0080]

20 By the second etching, the single crystal semiconductor layer is preferably
thinned to a thickness of greater than or equal to 5 nm and less than or equal to 100 nm,
more preferably greater than or equal to 5 nm and less than or equal to 60 nm. By
performing the second etching in this manner, the thickness of the single crystal

semiconductor layer 123 can be reduced to the thickness which is optimum for a
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the single crystal sem conductor |ayer. However, according to an enbodi nent
of the present invention, since the single crystal sem conductor |ayer 123
is etched with no substrate bias applied, the single crystal sem conductor
| ayer 123 can be etched so that plasnma danage is not caused in the single
crystal sem conductor layer 123. Further, 10 inpurities present on the
surface of the single crystal sem conductor |ayer can be prevented from
bei ng introduced into the single crystal sem conductor |ayer. Furthernore,
decrease in performance and reliability of a sem conductor device, which

is caused by introduction of inpurities into the single crystal

sem conductQhichRV&br cl&Adht td8: BERMERMeed. 15 [0082] The etching is perforned
usi ng an NF3 gas, whereby dangling bonds forned in the single crystal

sem conduciggi] ayer are termnated with fluorine, so that electrica
characteristics can be inproved. Further, planarity of the surface of the

single crystal watd ¢ QeI Aiasl RYBPlicHAR fchihpD@e isthpleO3fdlal 2RidoBABRY Af t er
the thinning step, heat treatment 1s preferably perforned on the single

crystal sepeonohichigle is2¥&icerh?thad iplling@imagbas @bise@iathet §nd0Qristand | over
than or equal to 700 C. By this heat treatnent, the defects of the single

crystal 5seglGentGhOlyer 1BYET Frthdr, thdé GhoRéen Mt inpRAaey & thildyudariadi ation
with the | aser beam 107, can be 30 elimnated and distortion of the single

crystal semCaRAUGLRAl LAYShdlkeo? ISRA Dfowdbi, aXRtling 0 dnicdinia@bf theeat ment ,

as an RTA apparatuS, a gas rapid thermal anneal (GRTA) apparatus which
performs h [ ARLARD SinkS Gk tYBal KIREBEIClapRs129 s drchaRith &l d
ﬁ%gefxft (xﬁ%_}ll_l’gﬂrsm ingid bS5 n aphd is 8tc i

t her mal apparatus which perforns heat treatnment using |anp
light can 5. eed applRel, @% PRl rys i diBordashbSlagétae3 ReAbé BEndduonaae is
y

used, heat treatnent m

plasma damage is not caused in the single crystal semiconductor layer 123. Further,

10  impurities present on the surface of the single crystal semiconductor layer can be
prevented from being introduced into the single crystal semiconductor layer.
Furthermore, decrease in performance and reliability of a semiconductor device, which
is caused by introduction of impurities into the single crystal semiconductor layer, can
be prevented.

15  [0082]

The etching is performed using an NF3 gas, whereby dangling bonds formed in
the single crystal semiconductor layer are terminated with fiuorine, so that electrical
characteristics can be improved. Further, planarity of the surface of the single crystal
semiconductor layer 123 can be improved.

20 [0083]

After the thinning step, heat treatment is preferably performed on the single
crystal semiconductor layer 123 at higher than or equal to 500 °C and lower than or
equal to 700 °C. By this heat treatment, the defects of the single crystal semiconductor

layer 123, which are not repairerd by irradiation with the laser beam 107, can be
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be perfornmed at 600 C for 4 hours. [0084] Through the above-descri bed
steps, an SO substrate illustrated in FIG 2E can be manufactured. 10
[0085] In this enbodinment, a case in which the first etching is perforned
with a substrate bias applied is described; however, an enbodi ment of the
present inventionis not limted thereto. The first etching can also be
performed with no substrate bias applied. 15 [0086] When the first etching
is also perfornmed with no substrate bias applied, the single crystal

sem conductor |ayer 123 can be etched so that plasm damage is not caused
in the single crystal sem conductor |ayer 123. Further, inpurities present

on the sugfathiedland BRtofiAIrehLiNEs SystHeRintRRgte MUyet ByEsantRFeclver event ed
frombeing 20 introduced into the single crystal sem conductor |ayer.

Furt her mor @, 486 hEASEalent, PR 4P RTANGRaraRe, & i adid itheym@f arbesie(@RIN)duUCt OF
device, which is caused by introduction of inpurities into the single

crystal seg bigh pbrBHBIS heftAfaRRnPiEHCN higB-terhRPMIE oAF 6104 Blnfprapi@ an
enbodi nment t he pregent invent?on? an SCf@substrate in 31 which

cont am nat g, Qfanhd® (SRTWY Hphraes bibichSRMfoERNALE tredmbAYRImgArep lighd dRRUT i i es
such as a netal elenent ‘and the like is suppressed can be manufact ured.

Further s dec 'il?&?.se]?!nnexaﬂf)fcf FhIPR pQishnek ﬁeeatih%ahhﬁdcws kd sheaeidaGaad ualor devi ce
which is formed using such an SO substrate can be prevented. 5 [0088]

be performed at 600 °C for 4 hours.

[0084]

Through the above-described steps, an SOI substrate illustrated in FIG: 2E can

be manufactured.
10 [0085]

In this embodiment, a case in which the first etching is performed with a
substrate bias applied is described; however, an embodiment of the present invention is
not limited thereto. The first etching can also be performed with no substrate bias
applied.

15 [0086]

When the first etching is also performed with no substrate bias applied, the
single crystal semiconductor layer 123 can be etched so that plasma damage is mot
caused in the single crystal semiconductor layer 123, Further, impuritics present on
the surface of the single crystal semiconductor layer can be prevented from being

20 introduced into the single crystal semiconductor layer. Furthermore, decrease in
performance and reliability of a semiconductor device, which is caused by introduction
of impurities into the single crystal semiconductor layer, can be prevented.

[0087]

According to an embodiment of the present invention, an SOI substrate in
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Note that the nethod for manufacturing an SO substrate described in this
enbodi nent can be appropriately conbined with a manufacturing nethod in
anot her enbodinment in this specification. [0089] 10 (Enbodinment 2) In
this enbodi nent, a nethod for manufacturing an SO substrate, which is
different fromthat in Enbodinent 1, will be described with reference to
the draw ngs. [0090] First, the sem conductor substrate 101 whose surface
is provided with the oxide 15 film 102 and in which the enbrittled region
104 is provided at a predeterm ned depth is prepared (see FIGS. 4A-1 to
4A-3). Note that, steps illustrated in FIGS. 4A-1 to 4A-3 can be perforned

i n a mannek, i doh@mitalod BOBE singlk @?‘sfaﬁé&ﬁﬂcdnﬂu&é@er Ide b ifn@udithes Such 42091]
Next, the supporting substrate 121 is prepared (see FIG 4B-1). Note that a

20 step il lysiai@shnt BadthG1idBislupposshe caaetd @aBningt. 8 FiBidiEdectdasd har to
that illustrated in FIG 1B-1. [0092] Next, an insulating |layer 122 is

formed ovenfhighaa4 SRGELAMLI R a SHRREAUCRE dewtbihicBtiefolidd (SeesfkchGn 4B-2).
The insulating |ayer 122 is preferably an insulating 32 |ayer containing

ni trogen, sihuRa@ csibd ORakitride film (SiNx) or a silicon nitride oxide
film (S NxOy where x >vy). [0093] In this enbodi ment, the insulating |ayer

122 Ser ¥es r@ksp | ayer (bonding layer) 5 which is to be bonded to the oxide
film 102 provided on the sem conductor substrate

Note that the method for manufacturing an SOI substrate described in this
embodiment can be appropriately combined with a manufacturing method in another
embodiment in this specification.

[0089]

10 (Embodiment 2)

In this embodiment, a method for manufacturing an SOI substrate, which is
different from that in Embodiment 1, will be described with reference to the drawings.
[0090]

First, the semiconductor substrate 101 whose surface is provided with the oxide

15 film 102 and in which the embrittled region 104 is provided at a predetermined depth is
prepared (see FIGS. 4A-1 to 4A-3). Note that, steps illustrated in FIGS. 4A-1 to 4A-3
can be performed in a manner similar to those illustrated in FIGS. 1A-1 to 1A-3.

[0091]

Next, the supporting substrate 121 is prepared (see FIG. 4B-1). Note that a

20  step illustrated in FIG. 4B-1 can be performed in a manner similar to that illustrated in
FIG. 1B-1.

[0092]

- Next, an insulating layer 122 is formed over the surface of the supporting

substrate 121 (see FIG. 4B-2). The insulating layer 122 is preferably an insulating
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101. In addition, when a single crystal sem conductor |ayer having a single
crystal structure (hereinafter referred to as a "single crystal

sem conductor layer") is provided over a supporting substrate |ater, the
insulating layer 122 also functions as a barrier |ayer for preventing
inmpurities such as Na (sodium contained in the supporting 10 substrate
fromdiffusing into the single crystal sem conductor |ayer. [0094] Next, at
| east one of the surface of the oxide film 102 formed on the sem conductor
substrate 101 and the surface of the insulating |ayer 122 formed over the
supporting substrate 121 is preferably subjected to plasma treatnent. In
this 15 empQdi fRblinin@niGosd, hith Wk 6ilicsM @Sl AN of H6ilitdsulraiciongie! ayer 122
formed over 'the supporting substrate 121 is subjected to plasma treatnent
wi Il be desghiifdof $86eki>g). 4B-3). [0095] The plasma treatnment is
performed in a plasma state which is produced by 20 introducing an inert
gas (e.g.,[@@3ﬁrgon (Ar) gas) and/or a reactive gas (e.g., an oxygen (02)
gas or a nitrogen (N2) gas) into a chanber in a vacuum state and applying a

bi as voltage topnghisdbasifichiOHREndAi6E 350122 BR6kLs EMycLHRMLE layes) T he case
where oxygen plasma treatnment is perforned, the 33 oxygen plasna treatnent

is perfgrngghidnns & Bl BSERd & AexIRI MR 103 REAMKCAH IR KemicBhdREN GitREa@ Jas into
a vacuum chanber and applying a bias voltage to an object to be processed.

Oxygen cat i8S 1@l QdiRhESEh 4 BinPlk 25750 A8HicAs Bl 1AbLHavil: & shglch@@@al
direction (to théls%nfconductog'substratg 101 side). f#% gcgelerated oxygen

cations 5 coldiidentibdhet Rferiidrth 36§ “LiRe1RRrRELPsRNSGRAuCHBY&DYis piRMelt | es such

as organi ¢ substances
over a supporting substrate later, the insulating layer 122 also functions as a barrier

layer for preventing impurities such as Na (sodium) contained in the supporting
10  substrate from diffusing into the single crystal semiconductor layer.
[0094]

Next, at least one of the surface of the oxide film 102 formed on the
semiconductor substrate 101 and the surface of the insulating layer 122 formed over the
supporting substratc 121 is preferably subjected fto plasma treatment. In this

15 embodiment, a case in which the surface of the insulating layer 122 formed over the
supporting substrate 121 is subjected to plasma treatment will be described (see Fig.
4B-3).

[0095]

The plasma treatment is performed in a plasma state which is produced by

20 introducing an inert gas (e.g., an argon (Ar) gas) and/or a reactive gas (e.g., an oxygen
(O3) gas or a nitrogen (N;) gas) into a chamber in a vacuum state and applying a bias
voltage to a surface to be processed.

[0096] .

For example, in the case where oxygen plasma treatment is performed, the
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of the surface to be processed can be renoved and the surface to be
processed can be activated. [0097] Further, in the case where pl asna
treatment is perforned on the insulating |ayer 10 122 over the supporting
substrate 121, SiN and Si H3 each having a hydrophobic property on the
surface of the insulating |layer 122 containing nitrogen can be decreased,
and Si Ox having a hydrophilic property can be increased; therefore, bonding
strength can be inproved even in the case where the insulating |ayer 122
containing nitrogen is wused as a bonding layer. 15 [0098] After that, the
surface of the sem conductor substrate 101 and the surface of the

supporti ngosust g1t #ekmenisdp&Remed ih & Haesa atad walitiers prdiutdiebgur f ace of
the oxide fi1m102 and the surface of the insulating |ayer 122 are bonded

to each ot BehdbdRea HsGhto adfabuund BRfbeSAMpAling i waygge knabpagobbe
enbrittled region 104 is performed by heat 20 treatnment, whereby the single

crystal seglcQRGHCtGfyob@Yafions2ael SreRAOV FREMAVAIA hdtBlerabddpRORL tdfighds UbSt r at e
121 with the oxide fi'l'm 102 and the insulating |layer 122 interposed

ther ebet wegh.4isf Stoﬁh@s&@l:endﬁ@l@tg Ubsdet Q01 ad). . The adcIRAEE bxyidevichidinst 0 t he
steps illustrated in FIGS. 2Ato 2E, the 34 first etching, the | aser beam

i rradi agi og,pi@dith BR sBARRNE bEbRbésas, %&e?ﬁfrﬁ;&ﬁﬁ@ﬁsm%@é@&ﬁc sidataéek

substrate according to an enbodi nent of e present invention can be

manuf act ur gfly,e [{QkAR]to be pld¥BiEd EdnSik ©ABvRLakdand siatabeth bd Pabediddidanibdg i nto
t he single crystal

activated.

[0097]

Further, in the case where plasma treatment is performed on the insulating layer
10 122 over the supporting substrate 121, SiN and Sil; each having a hydrophobic
property on the surface of the insulating layer 122 containing nitrogen can be decreased,
and SiOx having a hydrophilic property can be increased; therefore, bonding strength
can be improved even in the case where the insulating layer 122 containing nitrogen is
used as a bonding layer.

15  [0098]

After that, the surface of the semiconductor substrate 101 and the surface of the
supporting substrate 121 are disposed to face each other and the surface of the oxide
film 102 and the surface of the insulating layer 122 are bonded to each other (see FIG.
AC). Then, separation {cleavage) along the embrittled region 104 is performed by heat

20 treatment, whereby the single crystal semiconductor layer 123 is provided over the
supporting substrate 121 with the oxide film 102 and the insulating layer 122 interposed
therebetween (see FIG. 4D).

[0099]

After that, in a manner similar to the steps illustrated in FIGS. 2A to 2E, the
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sem conductor |ayer forned over the supporting substrate and bondi ng
strength between the single crystal sem conductor |ayer and the supporting
substrate can be inproved. Further, even in the case where the insulating
filmcontaining nitrogen is used as a bonding |ayer in bonding the

sem conductor substrate and the supporting substrate, 10 reliability can
be i nproved. [0101] According to an enbodi nent of the present invention, an
SO substrate in which contam nation of the single crystal sem conductor

| ayer due to inpurities such as a netal elenent is suppressed can be

manuf actured. Further, decrease in performance 15 and reliability of a

sem conductRé A8 Cle MkiainSrrhditiRdaddStho Geomlhicling SOpeSstast/wheebycan be
prevented. [0102] Note that a nmethod for manufacturing an SO substrate

described iap §bi SubseriROcHRIMe &RRnbEnEAMNI e Wet preidie inRAHSRChIITeng Met hod
described in Enbodinent 20 1 in this specification as appropriate. [0103]
( Enbodi mentyAhtabirdghi s enbodi nent, a nethod for manufacturing a

sem conductor device using the SO substrate which is manufactured

accordi ng r@Loany of the above enbodinments 35 will be described. [0104]
First, a nethod for manufacturing an n-channel thin filmtransistor and a

p-channgl thin fﬁhﬁhﬁggn§hsm@rr&@&ﬁm@eﬁg@sqmﬁgg@ vhibh thef gigncevim FI GS. 5A
to 5 and 5 FIGS. 6A to 6D. Various kinds of sem conductor devices can be
formed by GORLAHUBEGr layer formed over the supporting substrate and bonding strength between
the single crystal semiconductor layer and the supporting substrate can be improved.
Further, even in the case where the insulating film containing nitrogen is used as a
bonding layer in bonding the semiconductor substrate and the supporting substrate,
10 reliability can be improved.
[0101]
According to an embodiment of the present invention, an SOI substrate in
which contamination of the single crystal semiconductor layer due to impurities such as
a metal element is suppressed can be manufactured. Further, decrease in performance
15 and reliability of a semiconductor device which is formed using such an SOI substrate
can be prevented.
[0102]
Note that a method for manufacturing an SOI substrate described in this
embodiment can be combined with the manufacturing method described in Embodiment
20 1 in this specification as appropriate.
[0103]
(Embodiment 3)

In this embodiment, a method for manufacturing a semiconductor device using

the SOI substrate which is manufactured according to any of the above embodiments
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a plurality of thin filmtransistors (TFTs). Note that repetitive
descriptions for the sanme conponents as or conponents having simlar
functions to the conponents in Enbodinents 1 and 2 are omtted. [0105] 10
In FIG 5A, the oxide film 102 and the single crystal sem conductor |ayer
123 are forned over the supporting substrate 121. Al though an exanple is
shown here in which an SO substrate having the structure illustrated in
FIG 5A (refer to Enbodinent 1) is used, an SO substrate having the
structure described in Enbodinment 2 in this specification can also be
used. 15 [0106] The single crystal sem conductor |ayer 123 is etched into
i sl and shaRgf pk RescAB@Or dance with the position of the sem conductor

el enents, so that separated single crystal sem conductor |ayers 205 and
206 are forgrd)(see FIG 5B). [0107] 20 An oxide filmover the single
crystal sem conductor layer is renoved, and a gate insulating |ayer 207

whi ch covers t hepjgd Nglnfetfddy B Shand BRHEAE HACA-Ohanh @ YRS fiBY Aradkistor 266 ai S
formed. The single crystal sem conductor |ayers 205 and 206 in this

enbodi ment haugne i@ fiph 3R dYwill MeCREGHDRE ith BReMcé fo bilars. BALS sEnad! ati ng
| ayer mhlcﬁ covers the single crystal sem conductor |ayers 205 and 206 is

a thin £il MgEho 8308 3hois et 3 bddtlodrdt@br dRfteS QB R ADY REMBinfkY St al
sem conductor |ayers 205 and 206 with favorable coverage. Therefore, a
property d%‘;ﬁﬁrtalif}uﬁ ol 1S WhAdiGhe TFEDY SNAE Qhabi rbfbtitife de@abfons TsM L | Ng

| ayer can be prevented, and a highly reliable sem conductor device can be

manuf act ur %%nér[\‘g{)/lg?meg@ aﬁi &' SmpBRC hivadl Lithileh Gurchbrskidems @&Féﬁbﬁtsgﬁt e

insul ating 207 has an'effect of operating a thin filmtransistor
W th | ow vVoliREfndils 1Undh afPGhtted.
[0105]
10 In FIG. 5A, the oxide film 102 and the single crystal semiconductor layer 123

are formed over the supporting substrate 121.  Although an example is shown here in
which an SOI substrate having the structure illustrated in FIG. 5A (refer to Embodiment
1) is used, an SOI substrate having the structure described in Embodiment 2 in this
specification can also be used.

15 [0106]

The single crystal semiconductor layer 123 is etched into island shapes in
accordance with the position of the semiconductor elements, so that separated single
crystal semiconductor layers 205 and 206 are formed (see FIG. 5B).

[0107]

20 An oxide film over the single crystal semiconductor layer is removed, and a
gate insulating layer 207 which covers the single crystal semiconductor layers 205 and
206 is formed. The single crystal semiconductor layers 205 and 206 in this
embodiment have high planarity. Accordingly, even if the gate insulating layer which

covers the single crystal semiconductor layers 205 and 206 is a thin film, the gate
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[0108] The gate insulating |layer 207 may be formed using silicon oxide or a
stacked structure of silicon oxide and silicon nitride. The gate
insulating |ayer 207 may be formed by depositing an insulating filmby a
pl asma CVD nethod or a | ow pressure 10 CVD nethod or nmay be fornmed by solid
phase oxidation or solid phase nitridation by plasma treatnent. This is
because a gate insulating |layer fornmed by oxidation or nitridation of a
single crystal sem conductor |ayer by plasma treatnent is dense, has high
wi thstand voltage, and is excellent in reliability. [0109] 15 As the gate
insul ating |ayer 207, a high dielectric constant material such as

zi rconi um gl aMEge layBiadal doONE Athgld @Rl dMi n@dkdiSlayedy 20REBROETWRRNT OXi de
may be used. Using a high dielectric constant material for the gate

i nsul at i ng ¢l 3¥dle B9agBK Qfedefore, laq;iezieh& Qefedt due GESuTEIAkM JotaKRORItICther ent .
[0110] 20 A gate electrode |ayer 208 and a gate el ectrode |ayer 209 are

formed ovep,tBeugat Bvb e IR rdntd )l adfishiy sdEbiElsémdEiductbh8egad @nel ect r ode
| ayers 208 and 209 can be formed by a sputtering nethod, an evaporation

method, a W%dﬁﬁfa@ﬂ@d With, W38 ik e RedliBRonIm! @e PhiBlelcsOstek B4R Gsdifhgand 209

may be fornmed of an el enent selected from tantalum (Ta), tungsten (W,

titaniugm ( ngr 2 ey DOSR {MPhting4 #hiH M rdnslor wRBRIEVolBge £i@dh spelr oM um
or

(Cr), or neodym um (Nd); an alloy material or a conpound nateri al
cont ai ni ngr@¥ of the above el enents as its main conponent. Alternatively,
as the gatL e1ectrode | ayers 208 and 209, a sem conductor |ayer typified

D oo 1ot IR 10 SRt ek el sy such
structure of silicon oxide and silicon nitride. The gate insulating layer 207 may be
formed by depositing an insulating film by a plasma CVD method or a low pressure

10 CVD method or may be formed by solid phase oxidation or solid phase nitridation by
plasma treatment. This is because a gate insulating layer formed by oxidation or
nitridation of a single crystal semiconductor layer by plasma treatment is dense, has
high withstand voltage, and is excellent in reliability.

{0109]

15 As the gate insulating layer 207, a high dielectric constant material such as
zirconium dioxide, hafnium oxide, titanium dioxide, or tantalum pentoxide may be used.
Using a high dielectric constant material for the gate insulating layer 207 makes it
possible to reduce gate leakage current.

{0110]

20 A gate electrode layer 208 and a gate electrode layer 209 are formed over the
gate insulating layer 207 (see FIG. 5C). The gate electrode layers 208 and 209 can be
formed by a sputtering method, an evaporation method, a CVD method, or the like.

The gate electrode layers 208 and 209 may be formed of an element selected from

tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), copper

37



[0111] A mask 211 which covers the single crystal sem conductor |ayer 206
is formed. Wth use of the nmask 211 and the gate el ectrode | ayer 208 as
masks, an inpurity elenment 210 inparting n-type conductivity is added to
formfirst n-type inpurity 10 regions 212a and 212b (see FIG5D). In this
enbodi nent, phosphine (PH3) is used as a doping gas containing an inpurity
elenment. Here, doping is perfornmed so that the first n-type inpurity
regions 212a and 212b contain an inpurity elenment inparting n-type
conductivity at a concentration of about 1 x 1017 atonms/cnB to 5 x 10t 8
atons/cnB. In this enbodi nent, phosphorus (P) is used as an inpurity

el enent  15¢hyYB@bhivAg(Ch, lo¥ REIGRNGH ATA)Y bit 3 2l InbédriaNepd confholiBbiaiéhid Whi ch
covers the 'single crystal sem conductor |ayer 205 is formed. Wth use of

the mask 214,aRthstahe oS8t 8otk 8lehieRid 8s 11oMein céRforat. Madietatitdly, ab EHR\hiet Y
el ement 213 inparting p-type conductivity is added to formfirst p-type 20

L mpurity regleok 14tRA03MEd 205k sbaREndib6r 1298 typitibd bk forpabadiin@dticondi bor ane
(1321-16) or thelike is used as a doping gas containing an inpurity

el ement begansgofa@ WA dnBhphity eWafb Ah a0phdAPASTis ¥r &1 &  all9 Hde3lbe The mask
214 is renﬂ@gd,lgidemall Pﬁgafating Iaye?s 16a to 216d with a 38 sidewall

structuge agg formed on side surfaces of the gate el ectrode |ayers 208 and
209, and gate insulating |ayers 233a and 233b are fornmed (see FIG 6A).

The sidemaléuansulating | ayers 216a to 216d with a sidewall structure may
be formed on the side surfaces of the gate el ectrode |ayers 208 and 209 in

a sel f-alignment , ERGOSTT whiBh ERRrsThd QhdOWYAG! RRRREMictd layePS0d i FrAa.! ayer
covering the gate el ectrode |ayers 2 and 209 is
With use of the mask 211 and the gate electrode layer 208 as masks, an impurity
element 210 imparting n-type conductivity is added to form first n-type impurity
10  regions 212a and 212b (see FIG. 5D). In this embodiment, phosphine (PHj) is used as
a doping gas containing an impurity element. Here, doping is performed so that the
first n-type impurity regions 212a and 212b contain an impurity element imparting
n-type conductivity at a concentration of about 1 x 10" atoms/em® to 5 x 10"
atoms/cm’. In this embodiment, phosphorus (P) is used as an impurity element
15  imparting n-type conductivity.
[0112]

Next, a mask 214 which covers the single crystal semiconductor layer 205 is
formed. With use of the mask 214 and the gate electrode layer 209 as masks, an
impurity element 213 imparting p-type conductivity is added to form first p-type

20  impurity regions 215a and 215b (see FIG. 5E). In this embodiment, diborane (B;Hs) or
the like is used as a doping gas containing an impurity element because boron (B) is
used as an impurity element.

[0113]

The mask 214 is removed, sidewall insulating layers 216a to 216d with a
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formed and is processed by anisotropic etching using an RIE (reactive ion
etching) nethod. Here, there is no particular limtation on the insulating
| ayers and the insulating |ayers are preferably layers of silicon oxide

wi th favorabl e step coverage, which are forned by reaction of TECS
(tetraethyl orthosilicate), silane, or the like with 10 oxygen, nitrous
oxide, or the like. The insulating | ayers can be formed by thermal CVD,

pl asma CVD, atnospheric pressure CVD, bias ECRCVD, sputtering, or the like.
The gate insulating |layers 233a and 233b can be fornmed by etching of the
gate insulating layer 207 with use of the gate el ectrode | ayers 208 and

209 and t heigslewalcture 4rB $8HRE bRGidL SIS &kﬁ@gatts)elzétﬁfaea@emh%nd 3§9,[0114] In
this enbodinment, in etching the insulating |ayer, the insulating Iayer over

the gate @L@%ateqﬂﬁahag%y%ml 53306 V2 i BHACS EsebNBGIBAE atechderdr | ayers.
However, the “sidewal | "insulating |layers 216a to 216d nay be forned to have

a shape i nui@’tﬂaﬁllfbt fD6rs 2165 W afddn@ich 3YedewdV QbR 19@51 8e Bl TRdRe sAxer s
remains. In ad ion, a protective film20 may be fornmed over the gate

el ectrode 'sv%%%éss of fhe %a{eaélé'd’tro&é BRers 308 Rh@ 086 tih ANefalibhifer MBnerelemir ode
| ayers in this manner, 'mrediction of the gate electrode |ayers can be

prevent gd Weid ara@f. ,%g%sﬁfahﬁggyerlc%v&ﬁ@ tﬁégat@ele&%aw}emogtaﬁ&mms In the

case of formn Iclde 1n a source region and a drain region, since a

metal fil mgf e&f%ﬂd 150 rocésgédrrﬁ} LRotRpid Et‘é‘mﬁ% Liigk 48 Ri18 ﬁ&w@maoa&a&gt with the

gate el ectrode layer even When a 39 material of the netal filmcan

easi |y reagf it Nl i@l Ofarki By OhariBh O BROGSHANES layedefiCh Such as

chem cal reaction orng&%fu3|on cangke prevent ed. Vari ous etchlng met hods

such as a Fl{smaﬁﬁ% ﬂgﬁgo?#& bﬁ’yr lagel\ﬁ'%tf sflcbRioRfle RO ABY & d3eded Or

et chi ng. ry etching nmethod 1s used. As an ‘et chi ng

gas, a_chl QiR ggamme? el ort B o) S or e R LD

i ke, a fluorine- ase gas typi
10 oxygen, nitrous oxide, or the like. The insulating layers can be formed by thermal

CVD, plasma CVD, atmospheric pressure CVD, bias ECRCVD, sputtering, or the like.
The gate insulating layers 233a and 233b can be formed by etching of the gate
insulating layer 207 with use of the gate electrode layers 208 and 209 and the sidewall
insulating layers 216a to 216d as masks.

15 [0114]

In this embodiment, in etching the insulating layer, the insulating layer over the
gate electrode layers is removed to expose the gate electrode layers. However, the
sidewall insulating layers 216a to 216d may be formed to have a shape in which the
insulating layer over the gate electrode layers remains. In addition, a protective film

20 may be formed over the gate electrode layers in a later step. By protection of the gate
electrode layers in this manner, film reduction of the gate electrode layers can be
prevented when the gate electrode layers are processed by etching. In the case of
forming silicide in a source region and a drain region, since a metal film formed for

formation of the silicide is not in contact with the gate electrode layers, even when a
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SF6, NF3, or the like, or 02 can be used as appropriate. [0115] Next, a
mask 218 which covers the single crystal sem conductor |ayer 206 is
formed. Wth use of the mask 218, the gate el ectrode |ayer 208, and the
sidewal | 10 insulating |layers 216a and 216b as nasks, an inpurity el enment
217 inparting n-type conductivity is added to form second n-type inpurity
regions 219a and 219b and third n-type inpurity regions 220a and 220b. In
this enbodiment, PH3 is used as a doping gas containing an inpurity

el enent. Here, the doping is perfornmed so that the second n-type inpurity
regions 219a and 219b contain an inpurity elenment inparting n-type 15

conduct i Vi tiateddal 8¢ GO RERNTLAaR Rasilly raROWithD KatdQdl Df WeOgwé e188rdde 1yex 1020
atons/cnB. In addition, a channel formation region 221 is fornmed in the

singl e crygt@éis 860 GORAMEILA readt@Y Vr AfsidiS e b GréBited.[ Watdhs EhBingecond
n-type inmpurity regions 219a and 219b are hi gh-concentration 20 n-type

i nmpur ity r ﬁﬁﬂﬁﬁ§ sweh QS 8 Bhy\eichitiy BetBRIUTGEv A Bdhing eHefol matbe bkl fof é’t&_ﬁné] ar\d, t he
third n-type inpurity regions 220a and 220b are | owconcentration inpurity

regions ang, mﬁé&:ﬂbﬂodﬁ%ﬂg@@?é bibihg Invihd@Ragedr 2 th didh@pQias, a chidiae bhdeg@ t hird
n-type inpurity regions 20a and 220b are fornmed in Loff regions, which

are not scoyarefinl b cihecgaseLeCert 606 1ikdQ hayife b208 gasabpifiediby €RY, can be

reduced. Accordingly, a sem conductor device with higher reliability and

| ower powekyC Qs Wi 18R, &30 BEbdRREhagdpripedie. [ 0117] The mask 218 is
removed, and a nmask 223 which covers the single crystal 5 sem conductor

| ayer 205 igprmed. Wth use of the mask 223, the gate el ectrode |ayer
209, and the sidewall insulating |ayers 216¢c and 216d as masks, an inpurity

el ement Next, a mask 218 which covers the single crystal semiconductor layer 206 is
formed. With use of the mask 218, the gate electrode layer 208, and the sidewall
10  insulating layers 216a and 216b as masks, an impurity element 217 imparting n-type
conductivity is added to form second n-type impurity regions 219a and 219b and third
n-type impurity regions 220a and 220b. In this embodiment, PHj is used as a doping
gas containing an impurity element. Here, the doping is performed so that the second
n-type impurity regions 219a and 219b contain an impurity element imparting n-type
15  conductivity at a concentration of about 5 x 10" atoms/cm’ to 5 x 10%° atoms/cm’. In
addition, a channel formation region 221 is formed in the single crystal semiconductor

layer 205 (see FIG. 6B).

[0116]

The second n-type impurity regions 219a and 219b are high-concentration
20 n-type impurity regions and serve as a source and a drain.  On the other hand, the third
n-type impurity regions 220a and 220b are low-concentration impurity regions and
serve as LDD (lightly doped drain) regions. Since the third n-type impurity regions

220a and 220b are formed in Loff regions, which are not covered with the gate electrode
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222 inparting p-type conductivity is added to form second p-type inpurity
regions 224a and 224b, and third p-type inpurity regions 225a and 225b.
[0118] 10 Doping is performed so that the second p-type inpurity regions
224a and 224b contain an inpurity elenent inparting p-type conductivity at
a concentration of about 1 x 1020 atons/cnB to 5 x 1021 atons/enB. In this
enbodi nent, the third p-type inpurity regions 225a and 225b are forned in
a self-alignnment manner by the sidewall insulating |ayers 216c and 216d so
as to have a | ower concentration than the second p-type 15 inpurity regions
224a and 224b. In addition, a channel formation region 226 is formed in

the singl e gLy shal off @GR ek HeOledihdN €T AGRRIKERCa Fricoiigtor [d8idOwithhe second
p-type inpurity regions 224a and 224b are high-concentration p-type

bpurity reehensiddy S8 beeAsovrtr SRS N Be iapifRcruried. t he other hand, the
third 20 p-type inpurity regions 225a and 225b are | ow concentration

inpurity regi.ons and serve as LDD (lightly doped drain) regions. Since the
third p-ty@g’iﬁpurity regions 225a and 225b are formed in Loff regions,

which are not coygr ﬁgﬁk\’\.ﬁltShistljgﬁo\ge%E n@h%&sg 098¢ wilidy @(E]ve?sol%e sfefe GYEgIENt Ccan

be reduced. Accordingly, a sem cohductor device wt hi gher reliability

and | over_ROUEL, FORPHIRIISN, fARd WBNIL 38 Idalk 244 ldlhiiicclide. mpak 223 i s

renoved, e ment, 1rradiation wth strong Iight, or irradiation

wih a 1aseho DEATIAe it RANLRETRI S1A" AR 168 o RRhLRAMP ihfity BRREA Y

el enent . I'me as activation, plasnma danage to the gate

ol at 00 st 5,0 4SS ATTRRGC] 58 LT SFE PRI R

sem conduct or | ayer can be
and 224b, and third p-type impurity regions 225a and 225b.

repair ed.
{0118]

10 Doping is performed so that the second p-type impurity regions 224a and 224b

contain an impurity element imparting p-type conductivity at a concentration of about 1

x 102 atoms/cm’ to 5 x 10?' atoms/cm’.  In this embodiment, the third p-type impurity

regions 225a and 225b are formed in a self-alignment manner by the sidewall insulating

layers 216¢ and 216d so as to have a lower concentration than the second p-type

15  impurity regions 224a and 224b. In addition, a channel formation region 226 is

formed in the single crystal semiconductor layer 206 (see FIG. 6C).

[0119}

The second p-type impurity regions 224a and 224b are high-concentration

p-type impurity regions and serve as a source and a drain.  On the other hand, the third

20 p-type impurity regions 2252 and 225b are low-concentration impurity regions and

serve as LDD (lightly doped drain) regions. Since the third p-type impurity regions

225a and 225b are formed in Loff regions, which are not covered with the gate electrode

layer 209, off current can be reduced. Accordingly, a semiconductor device with

higher reliability and lower power consumption can be manufactured.
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[0121] Next, an interlayer insulating |ayer which covers the gate el ectrode
| ayers and the gate insulating layers is forned. In this enbodi nent, a
stack of an insulating film 10 227 containing hydrogen to serve as a
protective filmand an insulating |layer 228 is enployed. The insul ating
film227 and the insulating |layer 228 may be formed using a silicon
nitride film a silicon nitride oxide film a silicon oxynitride film or a
silicon oxide filmby sputtering or plasma CVD. Alternatively, a single

| ayer or a stack of three or nore |ayers using another insulating film
containing silicon my also be 15 enployed. [0122] Furthernore, a step in
whi ch heat pratment is perfornmed at 300 Cto 550 C for 1 hour to 12 hours
in a nitrogen atnosphere to hydrogenate the single crystal sem conductor

layer is performegh mRikef8riainbved, REd heARRA@RIHT BrddfatidR Witk stiondightCr 20 This
step is a step for termnating a dangling bond of the single crystal

seni conducti@idiatoaYath DisePYShPAS bE Mo obdér i R1iVAS the Ay blehbht227,
which is an interlayer insulating layer. In this enbodi ment, heat

treatment isg RELLRE BBE Alihd 3QiveidDpIRRA DBeldke td Bk2dke TIMalimSIAba@tddag film

227 and the insulating | ayer 228 can be fornmed of a 42 material selected

from al ym nyalidhmbgero (o iNerfa! bR d3H TheOpeYdlinbu1hiEh 1673 @MY the stgiEsam ni tri de

oxi de in which the amobunt of nitrogen is higher than that of oxygen

(AINO , al ygiRumauweisk BSer dh BORRPSiddl ke carbon (DLC), nitrogen-containing
carbon (CN), or othef substances containing an inorganic insulating
material. Aggifhoxane resin 5 may also be used. A siloxane resinis a resin
including a SI-O-Si bond. Siloxane has a skeletal structure fornmed of a

bond of silicon gl)aPittaRyef $801a6iR layéSwiicls BRRE the! 8L electrode layers and
the gate insulating layers is formed. In this embodiment, a stack of an insulating film
10 227 containing hydrogen to serve as a protective film and an insulating layer 228 is
employed. The insulating film 227 and the insulating layer 228 may be formed using a
silicon nitride film, a silicon nitride oxide film, a silicon oxynitride film, or a silicon
“oxide film by sputtering or plasma CVD. Alternatively, a single layer or a stack of
three or more layers using another insulating film containing silicon may also be
15  employed.
[0122]

Furthermore, a step in which heat treatment is performed at 300 °C to 550 °C
for 1 hour to 12 hours in a nitrogen atmosphere to hydrogenate the single crystal
semiconductor layer is performed. Preferably, the temperature is 400 °C to 500 °C.

20  This step is a step for terminating a dangling bond of the single crystal semiconductor
layer by hydrogen contained in the insulating film 227, which is an interlayer insulating
layer. In this embodiment, heat treatment is performed at 450 °C for one hour.

[0123]

The insulating film 227 and the insulating layer 228 can be formed of a
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an organi c group containing at |east hydrogen (e.g., an alkyl group or an
aryl group) is wused. A fluoro group may be included in the organic group.
Further, an organic insulating material such as polyimde, acrylic,

pol yam de, polyim de am de, resist, 10 benzocycl obutene, or polysilazane
may al so be used. A coating filmwth favorable planarity, which is formed
by a coating nethod, may al so be used. [0124] The insulating film 227 and
the insulating |ayer 228 can be formed with use of dipping, spray coating,
a doctor knife, aroll coater, a curtain coater, a knife coater, a 15 CVD
met hod, an evaporation nethod, or the like. The insulating film 227 and the

i nsul ati ng | aYRl <LRBredBiod SRnPRmd kiR byng, diephah diwaetias ogiomy,hod. A

dropl et discharge nethod requires less nmaterial solution. In addition, a

met hod capgplen@ nidideRadEnimieh B atoaMd dTthivogeatis ﬁ%ﬁbr&htﬁﬂhﬁsof%xﬁgdﬁp! et

di scharge nethod, for exanple, a printing method (a nethod of forming a
pattern, Sgﬁﬂ«?ﬁ AEREER RiddtdifEondafde SR (LAY itrogéR-cOiitaibid@ darthod) can

al so be used. 0125] Next, contact hol es (openings) reaching the single

- crystal Sef@ﬁg REUGECI b AANE! SontMifly SPMBREnit hstilind Maerial | AGildlahetedd7 and the
insulating Tayer 228. using a resist mask. Etching may be perforned once
or plural Eﬂag%% FEREAC! NGsiRRarde6:iS R 2664k Wchifa STROBI beHdS SHickahOhdte used.
The insul at1ng ?I|ﬁ1227 and the insulating |ayer 228 are partly renoved by

the etchin A RERAREN MNGnk SREER SHMEI SRFRAGON - LADLsUbBRUEHL! Y
regions 21 gkgﬂ%ﬂ5219 gnd t he sgCond ﬁ??§ge inpﬁg?Symregions 224a and

224b, whi ) i | S r i Gl b
' an%\f/%%nﬁ%ﬂ% ?coﬁfaaﬂ%%‘é leﬁﬂﬂdﬂfgﬁgr@e.%?ﬁiﬂﬂﬁgm ehGRNGoupRY% be

performed by ing, ¢ etchi'ng,” or both 5 wet "etching and dry
et chi ng. Augéﬁdr af hﬁ}é :)g??lg’gfng% gﬁsiﬁéiu@é_al Mt O HroifcNp@p. 2 Mk&d an SRdadlc on of

anmoni um hydrogen amoni um fluori de" may be used as an
insulating material such as polyimide, acrylic, polyamide, polyimide amide, resist,

10  benzocyclobutene, or polysilazane may also be used. A coating film with favorable
planarity, which is formed by a coating method, may also be used.
{0124}
The insulating film 227 and the insulating layer 228 can be formed with use of
dipping, spray coating, a doctor knife, a roll coater, a curtain coater, a knife coater, a
15 CVD method, an evaporation method, or the like. The insulating film 227 and the
insulating layer 228 may also be formed by a droplet discharge method. A droplet
discharge method requires less material solution. In addition, a method capable of
transferring or drawing a pattern such as a droplet discharge method, for example, a
printing method (a method of forming a pattern, such as screen printing, offset printing,
20  or the like) can also be used.

[0125]

Next, contact holes (openings) reaching the single crystal semiconductor layers
are formed in the insulating film 227 and the insulating layer 228 using a resist mask.

Etching may be performed once or plural times depending on the selectivity of materials
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etchant of wet etching. As an etching gas, a chlorine-based gas typified by
Cl2, BA3, Sid4, CCl4, or the like, a fluorine-based gas typified by CF4,
SF6, NF3, or the like, or 02 can be used as appropriate. Further, an inert
gas may be added to an etching gas to be 10 used. As an inert elenent to be
added, one or a plurality of elenents selected fromHe, Ne, Ar, Kr, or Xe
can be used. [0126] A conductive filmis forned so as to cover the

openi ngs, and the conductive filmis etched to formwring |ayers 229a,
229b, 230a, and 230b which serve as source 15 and drain el ectrode |ayers
which are electrically connected to parts of source regions and drain

regions. Thephdel. ngrﬂ&ﬂﬁﬂiaﬁmgﬁnn be7 §:0 B thslitideQhyBRLO O e Qhrtid réASEIGYT ve film
by a PVD nethod, a CVD nethod, an evaporation nmethod, or the |like, and

then, etchi tclflﬂketo%%ifh%tob&ﬁnés rhd¥hin ?ttﬁb RciRsi-fypd uﬁ;ﬁ]ﬁﬁ)ﬁregl'_dﬂﬁ b®randa

conductlve filmcan be seléectively ormed in a predeterm ned position by a

droplet di %?Wﬁrglethggécbﬁ)cgp tﬁ)eﬁﬁlbﬁﬁtfy RELiSRINAL and824BNwRICR Gid RRIcBrégichs et hod,

or the like. Mreover, a reflow process or a danascene process may al so be

used. As a, Rﬂﬁfd X@élOlflSO r ’I‘h@ @tclﬂné hﬁg bk %¥I%rﬁled gl?fw%{ et§1‘kiﬁé" ‘% et@iﬂng,/&' bothCU N,

Pt, Pd, It, Si Ge; or an
al | oy og th{a tfnﬁr b slﬂuoﬁcfahﬁq&aséaf scmﬁﬁesuraﬁtagrd ﬁi;ﬁedrmy al so
be enpl oyed. [012 oug the above-descri bed steps, a sem conductor

devi ce havigy m] Glhielesund fubdide fhv B Lsansiagt or 231,
%hanne mﬁ%&]n f| m B e ool 3

which is an n- transistor, and a thin Tilmtransi stor

232, whi ch gl fafl o Pw%fﬁm&é AV A ddhl ok AN R bes & ifiddyed Kqige FI G

6D) . AIthoug not usttated in the draw ngs, a structure is 5

e e, D M T i

can be used as appropriate. Further, an inert gas may be added to an etching gas to be

10 used. As an inert element to be added, one or a plurality of elements selected from He,
Ne, Ar, Kr, or Xe can be used.
[0126]

A conductive film is formed so as to cover the openings, and the conductive

film is etched to form wiring layers 229a, 229b, 230a, and 230b which serve as source

15  and drain electrode layers which are electrically connected to parts of source regions
and drain regions. The wiring layers can be formed by formation of a conductive film
by a PVD method, 2 CVD method, an evaporation method, or the like, and then, etching
the conductive film into a desired shape. Further, a conductive film can be selectively
formed in a predetermined position by a droplet discharge method, a printing method,

20 an electroplating method, or the like. Moreover, a reflow process or a damascene
process may also be used. As a material for the wiring layers, metal such as Ag, Au,
Cu, Ni, Pt, Pd, Ir, Rh, W, Al, Ta, Mo, Cd, Zn, Fe, Ti, Zr, or Ba; Si or Ge; or an alloy or
nitride thereof can be used. A stack of these materials may also be employed.

[0127]
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[0128] A structure of the thin filmtransistor is not [imted to that
described in this enbodinent, and a single gate structure in which one
channel formation region is 10 formed, a double gate structure in which
two channel formation regions are fornmed, or a triple gate structure in
whi ch three channel formation regions are formed may be enployed. [0129]
As descri bed above, a sem conductor device which has high performance and
15 high reliability can be manufactured with high yield with use of an SO
substrate in which contam nation of a single crystal sem conductor |ayer
due to inpurities such as a netal elenent and the Iike is suppressed.

[0130] Thin fil mfb@hshs bo5e-daitibhe @R df emlddh@ftod Hetife BhkaRL AITNI0k
substrate. The 20 single crystal sem conductor |ayer of the SO substrate

i's a singl guchs tlichS BRLEQNSWGE Him dAY¥EOr ¥ 1 hwikigd ke afl nCch¥ileptnidl@igct s _and
with reduced interface state density with the gate insulating |ayer 207.

The si ngl e Gry34and ST GRRALGLAE: 1Y Fhich A% RcHhA) Mih AEA udMik@CE&nbaNd 1S
thinned to a thickness of |less than or equal to 60 run. Accordingly, thin

film trangj Qr(s%e%@fmﬁxgﬁgi@% o AAEHSET h3hd GawRdEh @RItk

vol tage, high el'ectron fi effect nmobility, and a | ow subthreshol d

val ue cgn Hsscﬁe{]d”ﬁgt Vsﬁlb<§d}£eﬁyaﬁ9,r%ﬂermm AP Shals IRl and Wt Bel Tmne, plural

transi stors wt gh performance and |l ess variation in characteristics

bet ween th - j r he sane substrate. In other
_ ﬁaﬁsﬁs%&%fﬁ%%ee%eg%&mbg nhQUIRE e QY @hel:

words, with use o substrate of the present invention,
nonunifornb} ggf the 5 inportant characteristic value as transistor
characteristics, such as threshold voltage or nobility, can be reduced and

hi gh performance, $Hgh. 8% thPthid hfh GabiftGCE JIPRinitkd Yo 82N d8€ribed in this
embodiment, and a single gate structure in which one channel formation region is
10  formed, a double gate structure in which two channel formation regions are formed, or a
triple gate structure in which three channel formation regions are formed may be
employed.
[0129]
As described above, a semiconductor device which has high performance and
15  high reliability can be manufactured with high yield with use of an SOI substrate in
which contamination of a single crystal semiconductor layer due to impurities such as a
metal element and the like is suppressed.
[0130]
Thin film transistors can be manufactured using such an SOI substrate. The
20  single crystal semiconductor layer of the SOI substrate is a single crystal semiconductor
layer with reduced crystal defects and with reduced interface state density with the gate
insulating layer 207. The single crystal semiconductor layer has a planarized surface
and is thinned to a thickness of less than or equal to 60 mm. Accordingly, thin film

transistors with excellent characteristics such as low driving voltage, high electron field
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obtai ned. [0131] Although the nethod for manufacturing a TFT has been
described with 10 reference to FIGS. 5A to 5E and FIGS. 6A to 6D, a

sem conduct or device can be manufactured so as to have hi gh added val ue by
formng a variety of sem conductor elenents such as a capacitor and a
resistor, together with the TFT. Hereinafter, specific nodes of

sem conduct or devices wll be described with reference to the draw ngs. 15
[0132] First, as an exanple of a sem conductor device, a nicroprocessor is
described. FIG 7 is a block diagramillustrating a structural exanple of a
m croprocessor 500. [0133] The m croprocessor 500 has an arithmetic |ogic

unit (al soefgfianbsifty! onda BR sdfhrdbbli Rl caNbAlbink@ndvep the kuppdRingan

i nstruction decoder 503, an interrupt controller 504, a timng controller

505, a regissfhteI90, Brth§Hobd Blurdt @Bk Qith Bh peffoRbbiicd MagtdsaeationBUS |/ F)
508, a read only nenory 509, and a nenory interface 510. [0134] An

i nstructi oy iRatteri@ost HeBvdbh GhORAREETS 04n BOrinbd Qughné Bandbidsiritt erthace 508
is 46 input to the instruction decoder 503 and decoded. Then, the

i nstructi oBeSwhidB Wit Re bihe SOELROAL b Bres@ Zwvedtlda, AdbuRitdrHRy oe @Rt r ol | er
504, the register controller 507, and the timng controller 505. The ALU

control ker ;pQ2ant QRrdcRbiic vible £ARDERL! SareeRfistidsh&ich b Hir&shold voRir#! | er 507,
and the timng controller 505 performvarious controls based on 5 the
decoded | nﬁfo’BHﬁ)}, e e de@dc3@hnd high performance such as high field effect mobility can be
obtained.
[0131]
Although the method for manufacturing a TFT has been described with
10  reference to FIGS. 5A to 5E and FIGS. 6A to 6D, a semiconductor device can be
manufactured so as to have high added value by forming a variety of semiconductor
elements such as a capacitor and a resistor, together with the TFT. Hereinafter,
specific modes of semiconductor devices will be described with reference to the
drawings.
15 [0132]
First, as an example of a semiconductor device, a microprocessor is described.
FIG. 7 is a block diagram illustrating a structural example of a microprocessor 500.
[0133]
The microprocessor 500 has an arithmetic logic unit (also referred to as an
20  ALU) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller
504, a timing controller 505, a register 506, a register controller 507, a bus interface
(Bus I/F) 508, a read only memory 509, and a memory interface 510.
[0134]

An instruction input to the microprocessor 500 through the bus interface 508 is
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Specifically, the ALU controller 502 generates a signal for controlling
operation of the arithnetic logic unit 501. Wiile the m croprocessor 500 is
executing a program the interrupt controller 504 judges an interrupt
request froman external input 10 and out put device or a peripheral circuit
based on its priority or a mask state, and processes the interrupt

request. The register controller 507 generates an address of the register
506, and reads/wites data fromto the register 506 in accordance with the
state of the m croprocessor 500. The timng controller 505 generates
signals for controlling timng of operation of the arithnmetic logic unit

501, the AljdueRnhé Blstr@tioR Qeoodb 3 bad idBsidedI Ctiken, tHeEeeetiod @3inpithe tent er r upt
control l er 504, and the register controller 507. For exanple, the timng

controller Ai%céﬁronépyozd%@ Wdrip@sbnionar 503l thel egikied estRoRES07f @fid thigener at i ng
an internal clock signal CLK2 based on a reference clock signal CLKL. As

illustrate E&Iﬁoﬁer 56¢ iTHeeADBl c&:lu@ﬁé’r S02gNnBd itk i BnirslRE 5040 et her

circuits. [01 20 Next, an exanple of a seniconductor device having a

function Ofregﬁs&aerééﬂﬂr&k& 56y, afthe rn%ﬁﬁ'g MinBBL&E08 peifshPeiotOenasks taskd oal So
having an arithmetic function w il be descrlbed FIG 8 is a block diagram

il Tustrati ng Rcsieh ttdiiph exanpl e of such a sem conductor device. The

sem conductor device illustrated in FIG 8 can be called a conputer which
operates teyispnsmt and receive signals to and froman external device 47
t hrough wi rel ess conmuni cation (hereinafter the conputer is referred to as

an RFCPU). [013g eci%i%aﬂ)) | st KBt etbrtddnE S0B peabraREGPWidadil fhrnehbnt@imgan anal og

circuit portion and a digital circuit portlon 513. The analog circuit

portion 51%5 rQ&An%}QEe &tﬁﬁ&mag&%mt%oﬁ' remiid ﬂéjﬂﬁcﬁaﬁt 890150095 SRaftin 5

capaci t or rectifier circuit 515, a constant voltage circuit 516, a reset

circuit 5 1Z’pr<?g?arﬁ),scﬁé E{eﬂtuﬂﬂ' cofibrbifsb4 RiliBes o8 iKIEHA Wt ABmGnckidtdal MPR and a

10 and output device or a peripheral circuit based on its priority or a mask state, and
processes the interrupt request. The register controller 507 generates an address of the
register 506, and reads/writes data from/to the register 506 in accordance with the state
of the microprocessor 500. The timing controller 505 generates signals for controlling
timing of operation of the arithmetic logic unit 501, the ALU controller 502, the

15 instruction decoder 503, the interrupt controller 504, and the register controller 507.
For example, the timing controller 505 is provided with an internal clock generator for
generating an internal clock signal CLK?2 based on a reference clock signal CLK1. As
illustrated in FIG. 7, the internal clock signal CLK2 is input to other circuits.

[0136]

20 Next, an example of a semiconductor device having a function of transmitting
and receiving data without contact and also having an arithmetic function will be
described. FIG 8 is a block diagram illustrating a structural example of such a
semiconductor device. The semiconductor device illustrated in FIG. 8 can be called a

computer which operates to transmit and receive signals to and from an external device
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nmodul ation circuit 520. The digital circuit portion 513 includes an RF
interface 521, a control register 522, a clock controller 523, an
interface 524, a central processing unit 525, a random access nenory 526,
and a read only nmenory 527. 10 [0138] The operation of the RFCPU 511 is
roughly described bel ow. The resonance circuit 514 generates induced

el ectronotive force based on a signal received at an antenna 528. The

i nduced el ectronotive force is stored in a capacitor portion 529 via the
rectifier circuit 515. The capacitor portion 529 is preferably formed using
a 15 capacitor such as a ceram c capacitor or an electric double |ayer

capaci t or . tkh@:h Wit téuiiedtion heréindick SeRBpINEICE SeFettdd!ty ad 4 RIITAN)Ed over
the sane substrate as the RFCPU 511 and nay be incorporated into the RFCPU

511 as a cegpopent. [0139] The reset circuit 517 generates a signal that
resets the digital circuit portion 513 20 to be initialized. For exanple,

a signal which rAsgmsititddinaFIdes ad RECHU §11Sificiddes el @O Bicuitpépitinys 10! t age i s
generated as a reset signal. The oscillator circuit 518 changes the

frequency apdlaulp@atiitcrit httiod 598, ariel Melsg Sir8iAporiith FOCAEIHARGEeWnhitea coNtr ol
signal generated by the constant voltage circuit 516. The denodul ati on:

Ci r cui t 5519 desmadidh Ak 8SeRnifR CalavRs, 510fRdr cirds 1he comeht Adlia@dcisduitCUi t 520
nodul ates data to be 48 transmtted. [0140] For exanple, the denodul ation

circuit 51314 s, fR6BRAuNSINOarPod AP 3h8uif 514, &f dadfiulBbi rbRES19 h&Gei Ved
signal of an anplitude shift keying (ASK) system based on 5 variation of

the anmplitygde,1.dhfcifRAYbat i DR &iifaf birduitPRRioh A HBuldes 4d RP & S2L 60 dat a by
changi ng the anplitude of a transm ssion signal of the anplitude shift
keyi ng (ASKQntrol register 522, a elock controller 523, an interface 524, a central processing unit
525, a random access memory 526, and a read only memory 527.
10 [0138]

The operation of the RFCPU 511 is roughly described below. The resonance
circuit 514 generates induced electromotive force based on a signal received at an
antenna 528. The induced electromotive force is stored in a capacitor portion 529 via
the rectifier circuit 515. The capacitor portion 529 is preferably formed using a

15  capacitor such as a ceramic capacitor or an electric double layer capacitor. The
capacitor portion 529 is not necessarily integrated over the same substrate as the
RFCPU 511 and may be incorporated into the RFCPU 511 as a component.

[0139]

The reset circuit 517 generates a signal that resets the digital circuit portion 513

20  to be initialized. For example, a signal which rises with a delay to a rise of the power
supply voltage is generated as a reset signal. The oscillator circuit 518 changes the
frequency and the duty ratio of a clock signal in accordance with a control signal

generated by the constant. voltage circuit 516. The demodulation: circuit 519

demodulates a received signal, and the modulation circuit 520 modulates data to be
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system The nodul ation circuit 520 changes the resonance point of the
resonance circuit 514, whereby the anplitude of a comunication signal is
changed. [0141] 10 The clock controller 523 generates a control signal for
changi ng the frequency and the duty ratio of the clock signal in
accordance with the power supply voltage or current consunption in the
central processing unit 525. The power supply voltage is nonitored by a
power supply control circuit 530. [0142] 15 A signal that is input to the
RFCPU 511 fromthe antenna 528 is denodul ated by the denodul ation circuit
519, and then divided into a control conmand, data, and the |ike by the RF
interface {ddsmidde control command is stored in the control register 522.
The control command includes reading of data stored in the read only nmenory
527, witinpgqef data to the random access menory 526, an arithmetic
instruction to the 20 central processing unit 525, and the |ike. [0143]

The central pr 001%?%&5}%,1&1 Nhe deRRauRESLSRaE SR f6rard uding X IVRPRE Yilthad t he
random access menory 526, and the control register 522 via the interface

524. The ipplheidsasGeceRdd NhaPof URCnidel shreneyial | (ASKY sydemebsediognal  for
any of the read only 49 nenory 527, the random access nenory 526, and the

control 5regh$keh oP 4R BPBEMe OMTIR Mo RBHELE SHcieSPO TSt ankRB 68 Aht: %P
processing unit 525. [0144] As an arithmetic nmethod of the centra

T it RIS
tinme of st gﬂ;sttén'ﬂg BREHEGNRRn Anduit 320 BAELY R resdMah&S Péihi ¥ 1%, re@nance
circuit 514, whereby the amplitude of a communication signal is changed.

[0141]

10 The clock controller 523 generates a control signal for changing the frequency
and the duty ratio of the clock signal in accordance with the power supply voltage or
current consumption in the central processing unit 525. The power supply voltage is
monitored by a power supply control circuit 530.

[0142]

15 A signal that is input to the RFCPU 511 from the antenna 528 is demodulated
by the demodulation circuit 519, and then divided into a control command, data, and the
like by the RF interface 521. The control command is stored in the control register
522. The control command includes reading of data stored in the read only memory
527, writing of data to the random access memory 526, an arithmetic instruction to the

20  central processing unit 525, and the like.

[0143]
The central processing unit 525 accesses the read only memory 527, the

random access memory 526, and the control register 522 via the interface 524. The

interface 524 has a function of generating an access signal for any of the read only
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method in which a circuit dedicated to arithnetic is forned and an
arithnetic processing is conducted using hardware may be enployed. In a
met hod in which both hardware and software are used, part of arithnetic
processi ng can be conducted by a circuit 10 dedicated to arithnetic, and
the other part of the arithmetic processing can be conducted by the
central processing unit 525 using a program [0145] Next, display devices
are described with reference to FIGS. 9A and 9B and FIGS. | QA and I OR 15
[0146] FIGS. 9A and 9B are draw ngs for describing a liquid crystal display
device. FIG9A is a plan view of a pixel of the liquid crystal display

devi ce, anghdloE 5B theSrafdont AR8E nRAIry §76 land HRWohidd @8idb320 basedBtanon | i ne
J-K of FIGO9A. T0147] 20 As illustrated in FIG 9A, the pixel includes a

singl e cryshgkssteieGONGHEE Béntral FY&KsiALEhit 5scan |ine 322 intersecting with
the single cry?tgrkseniconducth Iai%% 320, a signal line 323 intersecting

wth the segygiine 322, a pixel electrode 324, and an electrode 328 which
el ectricall'y connects the pixel electrode 324 to the single crystal

sem conduct or | ayeh, 32fmeddRiefbd BF et Frocs RMHGRANBLIS! HmeltdY @ayIR0 IS a
| ayer fornmed 50 of the single crystal sem conductor |ayer provided over

the supgor . ighysd Bsthith Shelddd B8R mdnfory BEY WERA ah Rpdratifipl sydkm @s)tng abi xel .
[ 0148] gs %%ﬁ%gi substrat e, thegé%] ;%bstrate degc?igéﬁéin g%g abgVe

enbodi ment iS00 iUSEH at B tinle! MSkdrAlLEbe okl (2R exblifedS! Aeabiel bl _
senlconducpéggﬁayer 320 1s stacked " over the supporting substrate 121 with
the oxide fidyRaiPenRAd hbt ddajteatd HEhAYSE fok@eéd and an arithmetic processing
is conducted using hardware may be employed. In a method in which both hardware
and software are used, part of arithmetic processing can be conducted by a circuit
10  dedicated to arithmetic, and the other part of the arithmetic processing can be conducted
by the central processing unit 525 using a program.
[0145]
Next, display devices are described with reference to FIGS. 9A and 9B and
FIGS. 10A and 10B.
15 [0146]
FIGS. 9A and 9B are drawings for describing a liquid crystal display device.
FIG. 9A is a plan view of a pixel of the liquid crystal display device, and FIG. 9B is a
cross-sectional view taken along a section line J-K of FIG. 9A.
[0147]
20 As illustrated in FIG. 9A, the pixel includes a single crystal semiconductor
layer 320, a scan line 322 intersecting with the single crystal semiconductor layer 320, a
signal line 323 intersecting with the scan line 322, a pixel electrode 324, and an
electrode 328 which electrically connects the pixel electrode 324 to the single crystal

semiconductor layer 320. The single crystal semiconductor layer 320 is a layer formed
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i nt erposed therebetween. As the supporting substrate 121, a gl ass substrate
can be wused. The single crystal sem conductor |ayer 320 of the TFT 325 is
formed by elenent isolation of the single crystal sem conductor |ayer of
the SO substrate by etching. In 10 the single crystal sem conductor |ayer
320, channel formation regions 340 and n-type high-concentration inpurity
regions 341 to which an inpurity elenent is added are forned. Agate

el ectrode of the TFT 325 is included in the scan line 322, and one of a
source electrode and a drain electrode is included in the signal |ine 323.
[0149] 15 Over an interlayer insulating film 327, the signal line 323, the
pi xel el eciradein @%flysta@g%lééﬁ@u&!)ﬁ%ffr BRRiRE vaike s%gaﬂ.ﬁgeﬁbs@f@rzﬂdﬁa

interl ayer |nsulat|ng fil 7, columar spacers 329 are fornmed. An

orientati o &aL&M§§91y§3§95p@g o cover the signal line 323, the pixe
electrode 24, the el ectrode 358, and the col umar spacers 329. On a

count er q te 332, a counter electrode 333 and an orientation film 334
whi ch 20 c ve the counter electrode 333 are fornmed. The col umar spacers

329 are formed t 85 afTBOPbiistacd tﬁm@?s&g&%%@schta@d ﬁ%ﬁ@%&v’e%ﬂnb%&!iﬁ&h{ﬁt e 121
and the counter su%strate 33Z. I'n the space formed by the col umar spacers

329, a F! qusegzcma%ﬁ éfﬁlé’@ﬁ 8 sfn rer&,gtal sﬁgm&me@may&rsz@qg ti,ong of the

signal [ine 3 an ect rode 32 hi gh-concentration inpurity

regi ons 349’?""‘“&%‘&’8?1&@% Sislae 191 %Fl th@o,hﬁaeﬁinm@z hRYRE ms§11mﬁg”'ﬁyéraltzb”9 film

327 due to tormatl cont act orientation of liquid crysta

Lunsf) pge'riegmetggg{ex%&ébemgl gf’y,e gaﬁg&ggg SERBAECbH OF AL LhnBseRGA PAES

Accor umar spacers 329 are ormed in

these step 8 t 'I‘e{@n 19 cx&gtﬁvsgﬂgcon&{ckog%%@rbéew Celd%? 19fbnlnk 1915 stal .

[ 0150] Next’ an um nescent erei na ter referred to

as an "EL isolation of the single crystal semiconductor layer of the SOI substrate by etching. In

10 the single crystal semiconductor layer 320, channel formation regions 340 and n-type
high-concentration impurity regions 341 to which an impurity element is added are
formed. A gate electrode of the TFT 325 is included in the scan line 322, and one of a
source electrode and a drain electrode is included in the signal line 323.

[0149]

i5 Over an interlayer insulating film 327, the signal line 323, the pixel electrode
324, and the electrode 328 are provided. Over the interlayer insulating film 327,
columnar spacers 329 are formed. An orientation film 330 is formed to cover the
signal line 323, the pixel electrode 324, the electrode 328, and the columnar spacers 329,
On a counter substrate 332, a counter electrode 333 and an orientation film 334 which

20  covers the counter electrode 333 are formed. The columnar spacers 329 are formed to
maintain a space between the supporting substrate 121 and the counter substrate 332.
In the space formed by the columnar spacers 329, a liquid crystal layer 335 is formed.
At connection portions of the signal line 323 and the electrode 328 with the

high-concentration impurity regions 341, there are steps formed in the interlayer
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di splay device") is described with reference to FIGS. 10A and 10B. FIG1 QA
is aplan view of a pixel of the EL display device, and FIG 10B is a
cross-sectional view taken along a section line J-K of FIG 10A. 10 [0151]

As illustrated in FIG 10A, the pixel includes a selecting transistor 401
and a display control transistor 402 that are TFTs, a scan |ine 405, a
signal line 406, a current supply line 407, and a pixel electrode 408.

Each pixel is provided with a light emtting elenment having a structure in
whi ch a | ayer containing an el ectrolum nescent material 15 (EL |ayer) is
interposed between a pair of electrodes. One of the electrodes of the |ight
emtting elRuBMtg fith 377edRiX BdrmBlGLs T @HRctAMRs; this, BriShtR@HnC MR R stal

sem conductor |ayer 403, a channel formation region, a source region, and
a drain regj @@ Iﬁflidtdf'y?staﬁ yREEING thikABHhHA pdHRdnsHeBorth@r dRFderddeadilpi NGl €
crystal sem conductor |ayer 404, a channel formation region, a source

region, ansiceqra%gl&,ntheeﬂmﬁapéparca@ 300 SRl Afme@M FiRbe bAPSHRhOt gRvAR2 are
formed. The singlé crystal sem conductor |ayers 403 and 404 are forned

using the §ﬁ&ﬁh%ngm%§ﬁ§%fﬁﬁ?ﬁdﬁ%@iuctOr | ayer that is provided over the
supporting substrate. [0152] 1n the selecting transistor 401, a gate

el ectroge j@sppcluded in the scan line 405, 52 one of a source el ectrode
and a drain electrode is included in the signal line 406; and the other is

formed as an el agdd oG tBnndifbstdde df] ﬁpld@oac&ﬁ;a;eﬁxﬁhelt fRRRlSH 9t 9B @ gate
el ectrode 412 is electrically connected to the electrode 411; one of a

source el eglriodge;@nfis AeAhBld Wil RRERER Fos! PARS A 2F16! 184li5 PRy 413 whi ch

is electrically connected to 5 the pixel electrode 408, and the other is

included i Piebnt JGHEd] SR the PR May Bcc?Bd FIP18B1s a cross-sectional view taken

along a section line J-K of FIG. 10A.
10 [0151]

As illustrated in FIG. 10A, the pixel includes a selecting transistor 401 and a
display control transistor 402 that are TFTs, a scan line 403, a signal line 406, a current
supply line 407, and a pixel electrode 408. Each pixel is provided with a light emitting
element having a structure in which a layer containing an electroluminescent material

15 (EL layer) is interposed between a pair of electrodes. One of the electrodes of the light
emitting element is the pixel electrode 408. In a single crystal semiconductor layer
403, a channel formation region, a source region, and a drain region of the selecting
transistor 401 are formed. In a single crystal semiconductor layer 404, a channel
formation region, a source region, and a drain region of the display control transistor

20 402 are formed. The single crystal semiconductor layers 403 and 404 are formed
using the single crystal semiconductor layer that is provided over the supporting
substrate.
[0152]

In the selecting transistor 401, a gate electrode is included in the scan line 405;
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The display control transistor 402 is a p-channel TFT. As illustrated in
FIG 10B, in the single crystal sem conductor |ayer 404, a channel
formation region 451 and p-type high-concentration inpurity regions 452
are formed. Note that, as the SO 10 substrate, the SO substrate

manuf actured in any of Enbodinents 1 and 2 is used. [0154] An interlayer
insulating film427 is formed to cover the gate el ectrode 412 of the

di splay control transistor 402. Over the interlayer insulating film 427,
the signal I|ine 406, the current supply |ine 407, the el ectrodes 411 and
413, and the like are formed. 15 In addition, over the interlayer

i nsul at i ng ohé b $arke elebGodRiangh deliealbdnde isdfudelad the Signalll@e B06;ead ke
connected to the electrode 413 is fornmed. A peripheral portion of the pixel

el ectrode 408y i forthed QYndededdddad10.N k! tBé idBglap ohiréli Rahsistdy e10242 §ateAn EL
|l ayer 429 is formed over the pixel electrode 408, and a counter electrode

430 is for fé}%@u&&é&nzhb@le&hcaﬂy%%ec@% e Elestde 1 B UstofatBukd tickBoder ovi ded

as a reinforcing plate, and the counter 20 substrate 431 is fixed to the
suppor ti ng ,54' B diR bRt lyvfdrﬂle@ af 88 blRcthlé el 3 4dhich i QledBlcalfheongeayseal e of
the EL display device is controlled by either a current drive nethod where

the | ungnangs,of elchifodei408ane Micldiidn & iRUSIHRNA the Susei bipply @ 40y. t he amount  of
current or a voltage drive method where the lumnance is controlled by the

amount of &3 oltage The current drive nmethod is difficult to enpl oy when
transistoré have characteristics which largely vary from pixel to pixel.

I'n order to enmpl Py §if}fayCoinkBMransBior w62 84 B-Qﬁann@l TRI.I G llQéra€dd i WG Whi ch
corrects characteristic variation is needed. Wen the EL display device is

manuf act ur %Ebﬁﬁ the yéﬁ%wemn&?&mgyek BG4, 4dhAhePfoPmMRAUEAEK WS @ Process
of an SO Strate, thé selecting transistor 401 and the display control

:)If igf' stor ;402 AQnhRehceh@MnVitipuAly RBiochS 46D AFALREd. SINGS that 048 BleXSHhI 1 O
10  substrate, the SOI substrate manufactured in any of Embodiments 1 and 2 is used.
[0154]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Over the interlayer insulating film 427, the signal
line 406, the current supply line 407, the electrodes 411 and 413, and the like are formed.

15 In addition, over the interlayer insulating film 427, the pixel electrode 408 that is
electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
formed over the pixel electrode 408, and a counter electrode 430 is formed over the EL
layer 429. A counter substrate 431 is provided as a reinforcing plate, and the counter

20  substrate 431 is fixed to the supporting substrate 121 with a resin layer 432.

[0155]
The grayscale of the.EL display device is controlled by either a current drive

method where the luminance of the light-emitting element is controlled by the amount

of current or a voltage drive method where the luminance is controtled by the amount of
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Accordingly, the current drive nethod can be enployed. [0156] That is,
various el ectronic devices can be manufactured by using SO 10 substrates.
Exanpl es of el ectronic devices include: caneras such as video caneras and
di gital caneras; navigation systens; sound reproduction devices (car audio
systens, audio conponents, and the |ike); conputers; gane machi nes;
portable information termnals (nobile conmputers, cellular phones,
portabl e gane machi nes, electronic book readers, and the like); inage
reproduction devices provided with recording nedia 15 (specifically,

devi ces which are each capabl e of reproducing audio data stored in a

recordi ng RBHigeM THE Nupsntadiiticginbibd VierEmcilk @o dingtloy WME) tameistohi Bdveeach have
a display device capable of displaying imge data stored therein); and the

l'i ke. Exanmph@actésticd WEioh dh&ly Vary Fohapied tb Bixkel. GIn oddbAid @npldf tRNAmEtGS. 12A
to 12C. [0157] 20 FIG 11A illustrates a display device which includes a

housi ng 90 4rive methbRAP QT dotrBdio iR uif OhictR cétrR Rl @¥rapRfitticovarRfdn iR nsdaedker
portion 904, a video input termnal 905, and the like. This display device

I s manuf actwk@ths SLNEspld}Cde o8NS natndhdtured OF HBdaddyachitl e viddaetivaihpa met hod
described in the other enbodinent for a driver I1C, the display portion

903, ang t hgmlifak@rind\PoGest BRIn SOBsbsSAL, ale SpstifE AR iR 01 Qnditbeidiplad 54

crystal display device, a light-emtting display device, and the [i ke, and

all the i ph@fdTatdn@ftor usPldBYndd @MLE QaridtRh, inf MaraB%ASRE Gront PIRRY1E HBucl.
tel evision reception, and advertisenment display can be included.

Speci fi cal la¢cordint iymk@mren@dx@@eqﬂetﬁ&i%h%de&gﬁ@é@y, a reflection type
projector, and thé like can be given. 5 [0158) FIG 11B illustrates a

conputer whyeh) i ncludes a housing 911, a display portion

That is, various electronic devices can be manufactured by using SOI

10  substrates. Examples of electronic devices include: cameras such as video cameras
and digital cameras; navigation systems; sound reproduction devices (car audio systems,
audio components, and the like); computers; game machines; portable information
terminals (mobile computers, cellular phones, portable game machines, electronic book
readers, and the like); image reproduction devices provided with ‘recording media

15  (specifically, devices which are each capable of reproducing audio data stored in a
recording medium such as a digital versatile disc (DVD) and which each have a display
device capable of displaying image data stored therein); and the like. Examples of
them are iflustrated in FIGS. 11A to 11F and FIGS. 12A to 12C.

[0157]

20 FIG. 11A illustrates a display device which includes a housing 901, a
supporting base 902, a display portion 903, a speaker portion 904, a video input
terminal 905, and the like. This display device is manufactured using the transistors
formed by the manufacturing method described in the other embodiment for a driver IC,

the display portion 903, and the like. Note that the display device refers to a liquid
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912, a keyboard 913, an external connection port 914, a pointing device
915, and the like. A transistor formed according to the present invention
can be applied not only to a pixel portion in the display portion 912 but
al so to a sem conductor device such as a 10 driver IC for display, a CPU
inside a main body, or a nenory. [0159] FIG 11 Cillustrates a cellular
phone, which is a typical exanple of a portable information processing
termnals. This cellular phone includes a housing 921, a display portion
922, an operation key 923, and the Iike. A transistor formed using the 15
SO substrate according to the present invention can be applied not only to

a pi xel p@fygﬂapralsrﬁyt(hﬁlcg' 8PhAY cRHihd AspRe2ddiced 8ENBONKRORAd QN He4, but
also to a driver IC for display, a nenory, an audi o processing circuit,

and the |i kformbiign SBPEYT dRRES O 82 dxantphs;| doeSiters) 161B¥i4i6R | reePAGH Mand ! enent ,
by whi ch themFLnInZﬁ%egof the display portion 922 is controlled based on

the | um napgerbkhah gsglapxéaﬁ t@maﬁa&pr SEéHiﬁdaQ{/\ 2WBplayddBeati HeoudRddpelt ness of

t he operation keys 9 is controll ased on the | um nance obtai ned by

the Sensorapafekﬁ&myﬁéﬁqe&hpﬁndmﬁk@&\ﬁ% gRAsunption of the cellular phone
can be suppressed. [0160] A transistor forned according to the present

inventign garRgbe used for 55 el ectronic devices such as a PDA (a personal
digital assistant or a portable information processing termnals), a

digital canera, |cCOBPRHRir-83 RoMpeB: \Qﬁch RclhuBedPhdusdink ©1 ﬁHQiﬁs?lay@loﬁMh ack
device, in addition to the above cellul ar phone. For exa

possi bl e tgyy apRh¥odd 913, raﬂ@teﬁiapeoﬁe@t%q;ommt40atpeﬁuﬂg aéﬁwgnsnuﬁmmeon to a
functi onal CIrCUIt such ‘as a CPU, a nenory, or a sensor or to a pixel

portion of ssuchy gisglde ¢6hRa! Scoﬂﬁl‘(g! ©8hObresenfinh¥fion chibd Siplied ARl A to
a pixel portion in the display portion 912 but also to a semiconductor device such as a
10  driver IC for display, a CPU inside a main body, or a memory.
[0159]
FIG. 11C illustrates a cellular phone, which is a typical example of a portable
information processing terminals. This cellular phone includes a housing 921, a
display portion 922, an operation key 923, and the like. A transistor formed using the
15  SOI substrate according to the present invention can be applied not only to a pixel
portion in the display portion 922 or a sensor portion 924, but also to a driver IC for
display, a memory, an audio processing circuit, and the like. The sensor portion 924
includes an optical sensor element, by which the luminance of the.display portion 922 is
controlled based on the luminance obtained by the sensor portion 924, and the
20 brightness of the operation keys 923 is controlled based on the luminance obtained by
the sensor portion 924. Thus, the power consumption of the cellular phone can be
suppressed.
[0160]

A transistor formed according to the present invention can be used for
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[0161] FIGS. 11D and 11E illustrate a digital canera. Note that FIG 11E
illustrates a rear side of the digital canmera illustrated in FIG 11 D
This digital canera includes a 10 housing 931, a display portion 932, a

| ens 933, an operation key 934, a shutter button 935, and the like. A
transi stor formed according to the present invention can be applied to a
pi xel portion in the display portion 932, a driver IC for driving the

di splay portion 932, a nenory, and the like. [0162] 15 FIG 11F shows a
digital video canera. This digital video canera includes a nain body 941,
a display portion 942, a housing 943, an external connection port 944, a

rendt e COoNt oo A&k BELhRR A PR (DdkPsonANid iR ERIsAE S ¥ pAEbRAAHRRIA46, a
battery 947, an audio input portion 948, an operation key 949, an eye

pi ece port b%es%ég,teﬁﬂﬁaw)h@ digluklecameé hIc3mphct e RlARE AGCRrdbRGubie t he

present invention can bé applied to a pi xel portion 20 in the display

portion 94%13 Bacllde Vi, it £adhiin o8 e\dbBE: dellRladbrpRb 2YE R @k 4nhi8) i BossbldBNOr Y, a
digital g processi ng device, and the |ike. [0163] Besides, the present

i nvention gg,n v R @RRIsloP dodoRtindy BN Eﬁ&én@ﬁwéﬂ’tﬁinecma RibslicaouiPb@uhagk devi ce,
an i mage reproduci ng device provided wth a recording nmedium and 56 the

like. Agtrang 551%&10?_{%1-‘5 Anbdior @ﬁsearpgmag of Suchig eRE@&ﬁ@&evﬁd%%HHh@é} can be

applled to a pixel portion in a display portion, a driver IC for
controlllngckgqmgl play portion, a nenory, a digital input processing
device, a sensor portion, and the |ike of those devices. 5 [0164] FIGS.
12A to 12CUh%hPstrate an exanple of a cellular phone to which the present

FIGS. 11D and 11E illustrate a digital camera. Note that FIG. 11E illustrates
a rear side of the digital camera illustrated in FIG. 11D. This digital camera includes a

10  housing 931, a display portion 932, a lens 933, an operation key 934, a shutter button
935, and the like. A transistor formed according to the present invention can be
applied to a pixel portion in the display portion 932, a driver IC for driving the display
portion 932, a memory, and the like.

[0162]

15 FIG. 11F shows a digital video camera. This digital video camera includes a
main body 941, a display portion 942, a housing 943, an external connection port 944, a
remote control receiving portion 945, an image receiving portion 946, a battery 947, an
audio input portion 948, an operation key 949, an eye piece portion 950, and the like.
A transistor formed according to the present invention can be applied to a pixel portion

20  in the display portion 942, a driver IC for driving the display portion 942, a memory, a
digital input processing device, and the like.

[0163]
Besides, the present invention can be applied to a navigation system, an audio

playback device, an image reproducing device provided with a recording medium, and
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invention is applied. FIG 12A is a front view, FIG 12B is a rear Vview,
and FIG 12Cis a front view in which two housings are slid. A cellular
phone 700 has two housings, a housing 701 and a housing 702. The cellul ar
phone 700 is a so-called smartphone that 10 has both a function as a
cellul ar phone and a function as a portable information termnal and

i ncorporates a conputer provided to conduct a variety of data processing
besi des voice calls. [0165] The cellular phone 700 has the housings 701
and 702. The housing 701 15 includes a display portion 703, a speaker 704,
a m crophone 705, operation keys 706, a pointing device 707, a front-face

camera | engpe/i8, AncANLEF RahuHANBE ﬁécb%g;t% the prdbent BKntioAQ8n ba Q%Iﬂ@aphone

termnal 710, and the like. The housing 702 includes a keyboard 711, an

external NgRLeShdlion th% dipldyS¥rtdr2 s Aric@ e By Jola_@rolliﬁﬁ kieQhiplafigbricd t he
like. I'n addition, an antenna is incorporated in the housing 701. 20
[0166] Fur tgiory, INdRHA! ﬁFﬂnpx%&:séiﬁf dehey &r dasqr pdrgsh, CAIRROERE S thdie cel lul ar
phone 700 may T ncorporate a contactless IC chip, a snall size nmenory
device, or 4th&sl ike. [0167] 57 The housings 701 and 702 which overlap with
each ot her %see FIG 12A) can be slid to be developed as illustrated in
FIG 12¢. ﬁh%4ﬁisplay portion 703 can incorporate a display panel or a

di spl ay device to which the nmethod for manufacturing the display device

described i n anypgk EHORALIERsEaR afRehnblt Sf ARRLILEhonBRFINSE tl Bfesent di SPI ay

portion 703 and the front-face canera ['ens 708 are provided In the same
plane,  thegealdul giefongceain 08 ﬂéé@ﬂe@%xm @99&90@, gy madidd gn, still
i mges and noving ‘Tnages can be taken with the rear-face canera 713 and

the Tight 714, 0b¥edsi Blich o housings are slid. A cellular phone 700 has two housings, a
housing 701 and a housing 702. The cellular phone 700 is a so-called smartphone that
10 has both a function as a cellular phone and a function as a portable information terminal
and incorporates a computer provided to conduct a variety of data processing besides
voice calls.
[0165]
The cellular phone 700 has the housings 701 and 702. The housing 701
15  includes a display portion 703, a speaker 704, a microphone 705, operation keys 706, a
pointing device 707, a front-face camera lens 708, an external connection terminal jack
709, an earphone terminal 710, and the like. The housing 702 includes a keyboard 711,
an external memory slot 712, a rear-face camera 713, a light 714, and the like. In
addition, an antenna is incorporated in the housing 701.
20 [0166]
Further, in addition to the above-described components, the cellular phone 700
may incorporate a contactless IC chip, a small size memory device, or the like.

[0167]
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di splay portion 703 as a viewfinder. [0168] 10 Wth the use of the speaker
704 and the m crophone 705, the cellular phone 700 can be used as a sound
recordi ng device (recorder) or a sound reproducing device. By operation
with the operation keys 706, operation of incom ng and outgoing calls,
sinmple information input for electronic mail or the like, scrolling of a
viewi ng area displayed on the display portion, cursor notion for selecting
i nformation displayed on 15 the display portion, and the |ike are possible.
[0169] If much information needs to be handled in docunentation, a use as a
portable information termnal, and the like, the use of the keyboard 711

i's convenient. FupidRRkings 101€and0M2 IviEEh RRAlaReth 68ch WhérQRecaMEr 124 Wt h each
other (FIG 12A) can be developed 20 by sliding as illustrated in FIG 12C.

Wien the cebldiab RhaRRIob&d US ellsBted iIRAGAPE  TH @B 'T@ﬂiohemm &al , smooth
cursor operation can be conducted using the keyboar 1 or the pointing

devi ce 707 jnchiRrfxt aispidy paRnoes Hispay HeVids 10 athithAhk médddFanmbRifachhgect ed to
an AC adaptor and various types of cables such as a USB cabl e, and

chargi ng amg #gla §QEaIRiEBEd Aany IrEnfboRRERATRAndCP BPiphBEd. OBt fi8e lHeke are
possi ble. 58 Further, by inserting a recording nmediuminto the external

Menory gl olgisfihg poRioh 309 8Kd the FRHPfacOfantidd Rnf AR 16 pRfviic@Gn Rdahs ?ﬁﬁé,er red.
[0170] The housing 702 is provided with the rear-face canera 713 and the

light 714 Q@ celufhPFhonb@in bA6RA Eh GidedBhe. ANGadkibh |still TRISS a8 cho¥RYI NY
i mages can be taken using the display portion 703 as a viewfinder. [0171]

images can be taken with the rear-face camera 713 and the light 714 by using the

display portion 703 as a viewfinder.
[0168]
10 With the use of the speaker 704 and the microphone 705, the cellular phone
700 can be used as a sound recording device (recorder)} or a sound reproducing device.
By operation with the operation keys 706, operation of incoming and outgoing calls,
simple information input for electronic mail or the like, scrolling of a viewing area
displayed on the display portion, cursor motion for selecting information displayed on
15  the display portion, and the like are possible.
[0169]

If much information needs to be handled in documentation, a use as a portable
information terminal, and the like, the use of the keyboard 711 is convenient. Further,
the housings 701 and 702 which overlap with each other (FIG. 12A) can be developed

20 by sliding as illustrated in FIG. 12C. When the cellular phone is used as a portable
information terminal, smooth cursor operation can be conducted using the keyboard 711
or the pointing device 707. The external connection terminal jack 709 can be
connected to an AC adaptor and various types of cables such as a USB cable, and

charging and data communication with a personal computer or the like are possible.
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Furthernore, in addition to the above-described functions, the cellular
phone nmay al so have an infrared comruni cation function, a USB port, a
television 10 one-segnment broadcasting receiving function, a contactl ess

| C chip, an earphone jack, or the like. [0172] The el ectronic devices
described with reference to FIGS. 1 1A to 11C can be manufactured by the
above nethod for manufacturing a transistor and a display device. 15
(Exanmpl e 1) [0173] Hereinafter, exanples of the present invention will be
described in nore detail. However, the present invention is not limted by
t hese exanples, and it is obvious that the present invention is specified

by the scopariidr, 6y diséing bedoRdify Bxaid @to Bblck@bRl RBMOEAUIHNITESS a Mred
sem conductor substrate will be described. [0174] A single crystal silicon

substrat e iafoRhtRP 48 dard sBrSEAdGRRGHetOr substrate. The single crysta
silicon substrate is a p-type silicon substrate of 5 inches in dianeter,

and the plgﬂgogrientation thereof is (100) and the side orientation thereof
is <100>. 59 [0175] Etching was perforned on a surface of the single

crystal silicon $ ‘hEigé 902 is pRFidRl G Rir-flifcatieRi918 ahfl Wt AlaldnCON
substrate was pertormed wth a parallel plate plasma CVD apparatus under

the f ol Lowigg OB FEnst A B ARKEY andoWhd ThedBcfh Migken bl BessUre in

t he process cha 65 P nce between el ectrodes: 3 nm the

tenperaturg¥gﬁy5g§8§yé§&£@hgﬁ&ggg C, the flowratio of the reaction gas:
S 4

NF3 (N2 = sccm and the treatnent tinme: 30 seconds (which enables
et chi ng of [61*’7?}

Furthermore, in addition to the above-described functions, the cellular phone
may also have an infrared communication function, a USB port, a television
10  one-segment broadcasting receiving functioq, a contactless IC chip, an earphone jack, or
the like.
[0172]
The electronic devices described with reference to FIGS. 11A to 11C can be
manufactured by the above method for manufacturing a transistor and a display device.
15  (Example 1)
[0173]
Hereinafter, examples of the present invention will be described in more detail.
However, the present invention is not limited by these examples, and it is obvious that
the present invention is specified by the scope of claims. In this example, surface
20  roughness of a semiconductor substrate will be described.
(0174}
A single crystal silicon substrate is prepared as a semiconductor substrate.
The single crystal silicon substrate is a p-type silicon substrate of 5 inches in diameter,

and the plane orientation thereof is (100) and the side orientation thereof is <100>.
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single crystal silicon substrate by about 30 nm. [0176] 10 Next, the
surface roughness of the single crystal silicon substrate after etching
was neasured. [0177] The surface roughness of the single crystal silicon
substrate and the crystallinity thereof can be anal yzed by observation
with an optical mcroscope, an 15 atomc force m croscope (AFM, and a
scanni ng el ectron m croscope (SEM, by observation of an el ectron back
scatter diffraction pattern (EBSP), by Raman spectroscopy, or the |ike.
[0178] In this enbodinent, for the neasurenent of the surface roughness of
the 20 silicon layer, the nean surface roughness (Ra) of the single
crystal siqbpga substrate, the root-nean-square surface roughness (RVB)
t hereof, and the nmaxi num di fference in height between peak and vall ey

(P-V) thereof WeggnhiXBashdRefonhddnord saieed 6f fhersugsle BlyshDSiGORE subrAd.. [ 0179]
60 In this enbodi nent, the nean surface roughness (Ra) refers to a nean

surface rayg f&m&%ﬂ&%@ﬁﬂgﬁé cB¥tal SIS SbSBRS WaNFdrioen BB HEth ArpaedlleBplent er | i ne
mean roughness (Ra) that is defined by JISB0601: 2001 (I S04287:1997) so as

to be abl e iRmRecADRbpLEus Bnded HERILHABERdSibAS: IERF PoReRBCAUN(1BS6
representeg by a nean value of the absolute 5 values of the deviation from

a refergncegpr ﬁﬁ%ﬁesﬁtﬁe #h &P PrdclisRbamblr! 6P, N\ Esthifoe GRbwRh Ble@iebded)s0t he
formul a bel ow.” [ 0180]
mm, the temperature of the substrate: 200 °C, the flow ratio of the reaction gas: NF; :N;
= 10 : 400 sccm, and the treatment time: 30 seconds (which enables etching of the
single crystal silicon substrate by about 30 nm}.
[0176]
10 Next, the surface roughness of the single crystal silicon substrate after etching

was measured.

[0177]

The surface roughness of the single crystal silicon substrate and the

crystallinity thereof can be analyzed by observation with an optical microscope, an

15 atomic force microscope (AFM), and a scanning electron microscope (SEM), by

observation of an electron back scatter diffraction pattern (EBSP), by Raman
spectroscopy, or the like.

[0178]
In this embodiment, for the measurement of the surface roughness of the
20 silicon layer, the mean surface roughness (Ra) of the single crystal sil}con substrate, the
root-mean-square surface roughness (RMS) thereof, and the maximum difference in
height between peak and valley (P-V) thereof were measured with an atomic force
microscope (AFM).

[0179]
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[Formula 1] R=11i rXZI F(X Y)-Zok KdY So 10 [0181] Note that the
measurenent surface refers to a surface shown by all neasurenent data and
is calculated by the formula below. [0182] [Formula 2] 15 Z = F(X YY)
[0183] The specified surface refers to a surface which is an object of
roughness neasurenent, and a rectangul ar regi on surrounded by four points
represented by the coordinates (X1, Y1), (X, Y2), (X2, Yi), and (X2, Y2).
The area of the specified surface 20 when the specified surface is ideally
flat is represented by So. Note that So is obtained by the fornula bel ow
[0184] [Formula 3] So =(Xz -XI) (Y2 -Y) 61 [0185] The reference surface

refers to a pl ang dilchM6Oinq 1RSRALAErERY ughndd (WSBFHNS 2 HBARuMAUEe Of the
hei ght of the speC|f|ed surface is represent ed by Zo. The reference

surface i s nanalsk AbtaidRd dyetl- ﬁha{sﬁonaﬂ\gzpamtlmaf £Qch@flinP IndltBifResby the
formula below. 5 [0186] [ Formul a
(Ra) that is defined by JISB0601:2001 (ISO4287.1997) so as to be able to be applied to
a measurement surface. The Ra can be represented by a mean value of the absolute
5  values of the deviation from a reference surface to a specified surface, and is calculated
by the formula below.
[0180]

[Formula 1]
|
R = 5 f J; |F(X,Y) - Z,JdXdY

10 {0181]

Note that the measurement surface refers to a surface shown by all
measurement data and is calculated by the formula below.
[0182]
fFormula 2]

15 Z=F(X,Y)
[0183]

The specified surface refers to a surface which is an object of roughness
measurement, and a rectangular region surrounded by four points represented by the
coordinates (X, Y1), (Xj, Y2), (X2, Y1), and (X3, Y2). The area of the specified surface

20  when the specified surface is ideally flat is represented by So. Note that Sy is obtained
by the formula below.
[0184]
[Formula 3]
S, =(X, - Xy (5,-X)
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Z0 = 1" JIJX F(XY)dXdy So x. [0187] The root-nean-square surface
roughness (RVS) refers to a root-nean-square 10 surface roughness obtai ned
by three-di nensi onal expansion of the RM5 of a cross section curve so as
to be able to be applied to the neasurenent surface, simlarly to the nean
surface roughness (Ra). The RMS can be represented by the square root of
the nean value of the square of the deviation fromthe reference surface
to the specified surface, and is obtained by the fornmula bel ow. 15 [0188]
[Formula 5] k f(z {F(X, y) _ Za }ZdXdY Rms = s0 [0189] The maxi num

di fference in height between peak and valley (P-V) can be 20 represented
by a diffeqﬁ@gf bet ween the hei ght of the highest peak Z. and the height

of the lowest valley Znmth in the specified surface, and is obtained by the

formula bel ow. ftg]rgg}enfsé: erﬁyé ﬁfe@g to%lgle'su}facfe Igﬁhs'enég]bp 7+ 81 9htn dge peak

and the valley in this enbodinment refler to a peak and a valley obtained by

three-dine 8‘3"%‘9?8{“* %ﬁ@ﬂéi%%ﬂﬁqr Eifie® SRfoce Mp&%té&‘éﬁ%l 2.8y Thdeddapd by 5

J1 SB0601: 2 1'504287: 1 e peak I's represent by the highest part
of the surface is parallel to the XY plane. Note that Z, can be obtained by the formula below. '
5 [0186]
[Formula 4]

Z, =Si0 j: E * F(X,Y)dXdY

[0187]

The root-mean-square surface roughness (RMS) refers to a root-mean-square
10  surface roughness obtained by three-dimensional expansion of the RMS of a cross
section curve so as to be able to be applied to the measurement surface, similarly to the
mean surface roughness (Ra). The RMS can be represented by the square root of the
mean value of the square of the deviation from the reference surface to the specified
surface, and is obtained by the formula below.
15  [0188]

[Formula 5]

1 @ pre 2
R, = \jfsf f [ ren -z, Faxay

[0189]
The maximum difference in height between peak and valley (P-V) can be
20  represented by a difference between the height of the highest peak Zpax and the height
of the lowest valley Z;, in the specified surface, and is obtained by the formula below.
[0190]

[Formula 6]
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peaks in the specified surface. The valley is represented by the | owest
part of the wvalleys in the specified surface. [0192] The neasurenent
conditions of the nmean surface roughness (Ra), the 10 root-nean-square
surface roughness (RM5), and the maxi nrum difference in height between peak
and valley (P-V) in this enbodinent are described below. Atom c force

m croscope (AFM: scanni ng probe m croscope SPI 3800N SPA500 (manufactured
by Sei ko Instruments Inc.) Measurenent node: dynam c force node (DFM node)
15 Cantil ever: SI-DF40 (made of silicon, spring constant of 42 N'm
resonance frequency of 250 kHz to 390 kHz inclusive, edge of probe R<- 10
nm Scanni ng-gpeed:-2.0 Hz Measurenent area: 1 x 1 m Measurenent point:
256 x 256 points 20 Note that DMF npde is a neasurement node in which a
surface shﬂg@ljs measured while the distance between a probe and a sanple
is controllfed wWth a cantilever resonated at a certain frequency (a

frequency pecul iy, SaitE GiehidyClls Sl rhitr 103 Gichk ahb Anvatfpl | t ude of

the | ever beconmes constant. SinCe the surface of the sanple is neasured

Wi thout copf@ky ibp tﬂaé.am%gfblg@%ﬁpanfsiaﬁ JFRRS YA Bhd AR Afeaddied pput Wwhile

63 mai ntaining the origlna ape w thout damaging the surface of the

sanpl e. 3 [ 9ek88501 3008 NSOLKRTA, Tl AGRSLANORN AR hillesd PeGr 0l Nt S (see

FIG 13 on t surface o single crysta I con substrate was

e, SHSRS 1 ARAYEL OGREE1 O e 08 0 Bl R0
valleys in the specified surface.
[0192]
The measurement conditions of the mean surface roughness (Ra), the
10  root-mean-square surface roughness (RMS), and the maximum difference in height
between peak and valley (P-V) in this embodiment are described below.
Atomic force microscope (AFM): scanning probe microscope SPI3800N/SPAS00
(manufactured by Seiko Instruments Inc.)
Measurement mode: dynamic force mode (DFM mode)
15  Cantilever: SI-DF40 (made of silicon, spring constant of 42 N/m, resonance frequency
of 250 kHz to 390 kHz inclusive, edge of probe R < 10 nm)
Scanning speed: 1.0 Hz
Measurement area: 1 x 1 pm
Measurement point: 256 x 256 points
20 Note that DMF mode is a measurement mode in which a surface shape is measured
while the distance between a probe and a sample is controlled with a cantilever
resonated at a certain frequency (a frequency peculiar to the cantilever) so that the

- oscillation amplitude of the lever becomes constant. Since the surface of the sample is

measured without contact in this DFM mode, the measurement can be carried out while
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consideration of the curvature of a cross section of a substrate of each
obt ai ned neasured inmage, all the data of the inages were fitted for

one-di mensi onal plane by a |east-squares nmethod with attached software to
performthe first gradient correction for correcting the gradient in the
pl ane, followed by the second gradient correction for 10 correcting the
quadratic curve, which was perforned in a simlar manner to the first
gradient correction. After that, the surface roughness was anal yzed with
the attached software, so that each of the nean surface roughness (Ra),

t he root-nean-square surface roughness (RM5), and the maxi mum difference

in hei ght BeiwesRs BRI ALY ditdbut ddialing WRSsubBéLofiiRl @hplel > [ 0194] FI GS.
13B to 13D show results of measurenment wth AFM FI G 1§B, FIG 13C, and
FI G 13D ar gyjag; observation inmage of a point 1 in FIG 13A, an observation
image of a point 2 in FIG 13A, and an observation inmage of a point 3 in FIG

13A, respectiv : SMIhAGS of GHENRASS (&aIFd! & Bggording to -
t he observationq%ﬁgaégmgg&%ﬁ%g;ﬁﬁisﬁﬁao 1§D i's shomﬁ in Tab%gp%.ﬁ%0196]

(120 ) SR gl i A ol 2
0.125 5 52180191itio%§, so that images of three-dimensional surface shapes were obtained. In
consideration of the curvature of a cross section of a substrate of each obtained
measured image, all the data of the images were fitted for one-dimensional plane by a
least-squares method with attached software to perform the first gradient correction for
correcting the gradient in the plane, followed by the second gradient correction for
10 correcting the quadratic curve, which was performed in a similar manner to the first
gradient correction. After that, the surface roughness was analyzed with the attached
software, so that each of the mean surface roughness (Ra), the root-mean-square surface
roughness (RMS), and the maximum difference in height between peak and valley
(P-V) was calculated.
i5 [0194]

FIGS. 13B to 13D show results of measurement with AFM. FIG. 13B, FIG
13C, and FIG. 13D are an observation image of a point I in FIG 13A, an observation
image of a point 2 in FIG. 13A, and an observation image of a point 3 in FIG. 13A,
respectively.

20 [0195]

The surface roughness calculated according to the observation images of FIGS.

13B to 13D is shown in Table 1.
- [0196]

[Table 1]
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For conpar

i son,

surface roughness of a single crystal

silicon substrate on

whi ch etching was not perfornmed is shown in Table 2. Note that the surface

roughness

of the single crystal

silicon substrate on which etching was not

perfornmed was neasured 5 at three points which are simlar to those of the
etching was perfornmed (see FIG

single cry
13A). [019

st al
7]

silicon substrate on which
[ Table 2] Ra[nm P-V[nm RMS[ nnj

point 1 0.139 1.482 0.174

point 2 0.135 1.490 0.170 point 3 0.137 1.554 0.172 average of points 1 to

3 0.137 1.
t he surfac
single cry
inferior t
was not pe
vol t age of
illustrate
capaci tor

oxynitride

509 0.172

10 [0198] Fromthe above results,

=) rmlghnpcq Ra and the root- -

stal silicon subs{r%ﬂmmkn1pwﬁhmh RMShimI 1
3=fﬁﬁ?% of The sin ryst SI
ormed ML 101 ool OO Yo Zb 0l D3RR
a MOS R?&’bﬁm tor |s@#408t dir OM [ 1| Béd7%es
5 a I\/C)Spoq},apamtor stgnumt ur@gmsed bmmhi
>LIUL,LUIE Ilb L II[ dL

avarlagﬁ ?f\??—-'Pts id § k VLN ér ]Iécl ILj r*olhiﬁa

el ectrode 303 is forned u5|ng

b

10

15

it was found that

e roughness RMS of the

g was perfornmed were not
ubstrate on which etching
ults of gate w thstand
cribed. 65 [0200] FIG 14A
s exanple. In the MOS
ormed using a silicon
bstrate 301, and a gate

For comparison, surface roughness of a single crystal silicon substrate on

which etching was not performed is shown in Table 2. Note that the surface roughness

of the single crystal silicon substrate on which etching was not performed was measured

at three points which are similar to those of the single crystal silicon substrate on which

etching was performed (see FIG. 13A).

[0197]
[Table 2]
Ra[nm] | P-V[nm] | RMS[hm]
point 1 0.139 1.482 0.174
point 2 0.135 1.490 0.170
point 3 0.137 1.554 0.172
average of points 1 to 3 0.137 1.509 0172

[0198]

From the above results, it was found that the surface roughness Ra and the

root-mean-square roughness RMS of the single crystal silicon substrate on which

etching was performed were not inferior to those of the single crystal silicon substrate

on which etching was not performed.

[0199]

Next, comparison results of gate withstand voltage of a MOS capacitor

structure will be described.
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5 alum num over the insulating film 302. [0201] The MOS capacitor having

t he above structure was manufactured under the follow ng three conditions.
Condition 1 is as follows: after a gate insulating filmwas fornmed using a
silicon oxynitride filmto a thickness of 20 run over a single crystal 10
silicon substrate, a gate electrode was forned using alumnumto a

t hi ckness of 400 nm (electrode area: 0.785 nm. [0202] Condition 2 is as
follows: after etching was performed on the single crystal silicon
substrate using an I CP etching apparatus with a substrate bias applied
under the 15 follow ng conditions: the flowrate of a chlorine gas: 100
sccm the T@ﬁ@ ion pressure: 1.2 Pa, the tenperature of the | ower

el ectrode: , the RF (13.56 MHz) power applied to the coil electrode:

150 W and the pmelimlamstr@tésamé@agia@mrsua&te&tds@(ﬂﬁ, {inexatilpR, bithesi de): 40
W a gate insulating filmwas formed using a silicon oxynitride film over

the singl ems/%%%.lm&' diCR, s BShRate il 382 ih ke ssin®h ARoAMxy@hfiea gate

el ectrode was

area: 0. 78%mt)er 4 A3dryLandichi QbsBaté 0B End £LAOWRewRE BOS isabRiHdNGingas
perfornmed on the S|ngle crystal silicon subStrate using a plasm CVD

appar at g4s Wi Oﬁyg§g&ﬁhgngﬁﬁ§3@pplled under the follow ng conditions:
the flowratio of a reaction gas: NF3 : N2 = 10:400 (sccm, the 66
pressure ipf process chanber: 65 Pa, the distance between el ectrodes :
30 mMm the tenperature of the substrate: 200 C, and the RF (13.56 Miz)

pover : 50 W a’ﬂ?etﬁos'&? fél"h&gné kHleMBORS sthRUFE Yo SheddlfaBiufdd! drfdBNHRXY NI tri de
filmover the single cryst li'con substrate to a thickness of 20 nm and

a gate el e%lfo%?g A8 HRIHRA. USRSk MY RYMIWA: fter a gate insulating film was

formed using a silicon oxynitride film to a thickness of 20 nm over a single crystal
10  silicon substrate, a gate electrode was formed using aluminum to a thickness of 400 nm
(electrode area: 0.785 mm?),
[0202]
Condition 2 is as follows: after etching was performed on the single crystal
silicon substrate using an ICP etching apparatus with a substrate bias applied under the
15 following conditions: the flow rate of a chlorine gas: 100 sccm, the reaction pressure:
1.2 Pa, the temperature of the lower electrode: 70 °C, the RF (13.56 MHz) power
applied to the coil electrode: 150 W, and the power applied to the lower electrode (on
the bias side): 40 W, a gate insulating film was formed using a silicon oxynitride film
over the single crystal silicon substrate to a thickness of 20 nm, and a gate electrode was
20  formed using aluminum to a thickness of 400 nm (electrode area: 0.785 mm?).
[0203]
Condition 3 is as follows: after etching was performed on the single crystal
silicon substrate using a plasma CVD apparatus with no substrate bias applied under the

following conditions: the flow ratio of a reaction gas: NF3 : Ny = 10:400 (sccm), the

66

formed using alumnumto a thickness of 400 nm (el ectrode...



5 thickness of 400 m (el ectrode area: 0.785 mmR). [0204] A sanple

manuf actured under Condition 1 is referred to as Sanple A a sanple
manuf act ured under Condition 2 is referred to as Sanple B, and a sanple
manuf actured under Condition 3 is referred to as Sanple C. 10 [0205] FIG
14B shows results obtained by nmeasuring the current-voltage (1-V)
characteristics of Sanples Ato C In FIG 14B, the horizontal axis
indicates a voltage Vg (V) and the vertical axis indicates a current Ig
(A). Here, results obtained by neasuring |-V characteristics at each point
on the surfaces of the substrates of Sanples 15 Ato C are shown. [0206]

It was Confpi'és@gﬁ the 'ﬁ&c@% Jhesibdt 85 PRANE disRnéd GatwdhBeldcidliest: 1 hinSteof a
current value is earlier and the withstand voltage is poorer in Sanple B

on whi ch etgh NG Was thPShEeRBH0 Wt ndihs Wastindeemblpgow@P! Joedh, hhar 1 n
Sanpl e A on which etching was not 20 perforfed. On the other hand, the

withstand yoliaQenpf watithhed dsifh WcabxGhiflie Tim MBSthOshile cABEl Widda no

substrate bias applied was the same or substantially the same as that of

Sanpl e A ouyhheRo & HAinES B8 nBCindRESat 1R de nggszﬂled\%ﬁ% allRin®fnd8fa t O

investigate inpurities (here, Al) in a single crystal silicon 67

substrate, 3Agk¥%re0 aesdoat peg ousisignBecondary ion nmass spectronetry
(SI VB). [ozggf Sanp es(whigh wer e used ?n SIMS will be described. As

Condi tion }omﬁﬂ single crystal silicon substrate was prepared. As Condition
2, etching was perforned

A sample manufactured under Condition 1 is referred to as Sample A, a sample
manufactured under Condition 2 is referred to as Sample B, and a sample manufactured
under Condition 3 is referred to as Sample C.

10 [0205]

FIG. 14B shows results obtained by measuring the current-voltage (I-V)
characteristics of Samples A to C. In FIG 14B, the horizontal axis indicates a voltage
Vg (V) and the vertical axis indicates a current Ig (A). Here, results obtained by
measuring -V characteristics at each point on the surfaces of the substrates of Samples

15 Ato C are shown.

[0206]

It was confirmed from the results shown in FIG. 14B that the rise of a current
value is earlier and the withstand voltage is poorer in Sample B on which etching was
performed with a substrate bias applied than in Sample A on which etching was not

20 performed. On the other hand, the withstand voltage of Sample C on which etching
was performed with no substrate bias applied was the same or substantially the same as
that of Sample A on which etching was not performed.

[0207]

Next, in order to investigate impurities (here, Al) in a single crystal silicon
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5 on a single crystal silicon substrate using a plasma CVD apparatus with
no substrate bias applied under the follow ng conditions: the flow ratio of
a reaction gas: NF3:N2 = 10:400 (sccm, the pressure in the process
chanber: 65 Pa, the distance between electrodes: 30 mm the tenperature of
the substrate: 200 C, and the RF (13.56 MHz) power: 50 W As Condition 3,
etching was perforned on a single crystal silicon 10 substrate using an |ICP
etching apparatus with a substrate bias applied under the follow ng
conditions: the flowrate of a chlorine gas: 100 stem the reaction
pressure: 1.5 Pa, the tenperature of the |ower electrode: 40 C, the RF

(13.56 Mﬂ)sut%ﬁ%fan ki€ Bras ﬁéfo?ﬂapﬁsiilﬁ@e&cﬁldﬁng a8 |sﬁ&¥rﬁ19@® (SHRY W and the

power which 1s supplied to a lower ~ el ectfode (on the bias side): 50W As
Condi tion ﬁ@ﬂk a manner simlar to Condition 3, 15 etching was perforned
on a singl crystal silicon substrate with a substrate bias applied, and

after that, cycl 1&8%?9 wete WICH QAR il Sles@ibda NYA ebhsigsd G, aci d were

alternately use s perforned. A sanple manufactured under Condition 1, a

| - A
sanpl e mgg@g&%&qﬂﬂm%sﬁﬂ%g QPardd.  ASEHRRN R RIHAE ks Garratafar

Condi ti on sanp actured under Condition 4 were referred to

as Sanmpke b, a%gxgggé %ﬁal ﬁﬁcoﬁgsﬁpéu%tius@% Bféﬁﬂl’ &I hpafaRes i 46 sibstriet e t hat

in SIMS, absor uritie rom an ter atnosphere were detected on the

out er Most %ﬂéfaﬁlgﬁg u? ert fo?l@&gu}g%%dﬁ&%.f e Mo§ raflo of b rdaCoh %YNE}:Niz de film

was deposite I ckness nmin order to protect” eac surface of

samples D 1 Lems] th?%r@[sﬁg {#5ms RS EnMlibke @ PHPASUGARA bl cogalmP! es D

to G by Sl _ ori zontal axis s epth direction
(00 o BRI b e sop v fvessrhngh o of 24
rim The f 'p!)\«%rf 58 n@Vt hgs %Hnﬁﬁ%ﬁ 3t, %tc%jrge@rﬁi'p&]}orﬂl%) roﬁxei gﬁ%ﬁel &y&zﬁ silicon
10  substrate using an ICP etching apparatus with a substrate bias applied under the
following conditions: the flow rate of a chlorine gas: 100 scem, the reaction pressure:
1.5 Pa, the temperature of the lower electrode: 40 °C, the RF (13.56 MHz) power which
is supplied to a coil-electrode: 1000 W, and the power which is supplied to a lower
electrode (on the bias side): S0W. As Condition 4, in a manner similar to Condition 3,
15 etching was performed on a single crystal silicon substrate with a substrate bias applied,
and after that, cycle cleaning in which ozone water and hydrofluoric acid were
alternately used was performed. A sample manufactured under Condition 1, a sample
manufactured under Condition 2, a sample manufactured under Condition 3, and a
sample manufactured under Condition 4 were referred to as Sample D, Sample E,
20  Sample F, and Sample G, respectively. Note that in SIMS, absorbed impuritics from an
outer atmosphere were detected on the outermost surfaces of the samples. Therefore, a
silicon oxynitride film was deposited to a thickness of 20 nm in order to protect each

surface of Samples D to G.

[0209]
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5 nmis the silicon oxynitride film [0210] In FIG 15, when the
concentrations of Al in the single crystal silicon substrates (at a depth
of 30 nm were focused, the concentration of Al in Sanple F was about 1 X
1018 atoms/cnB, while the concentration of Al in Sanple E was about 1 X
1014 10 atons/cnB (nmeasurenent limt or |less of the SIMS), which was the
sane or substantially the sane as that in Sanple D. Further, it is found
that the concentrations of A in Sanple F and Sanple E are 3 or nore
digits different fromeach other. [0211] It was found that fromFI G 15 t hat
Al having a concentration of 2 x 1018 15 atons/cnB was detected fromthe

outernost surfacgis SRR Esults 8PmMufethef SRP1ES 1o B AMEd Fid a
substrate bias applied. Note that it is considered that since Al enters

the singl e;§ryshdlzontal 1:60Mowy BRldeAth @irBMtioR Yhuh) S B sAlpldsORRild e WiEicap! M5, the
tail of the profile extends in a depth direction as conpared to the actual

di stri butl gt SHRICHE Cond Il Golbr AYRRBLES! QoL HAMISAIRLE £ aRAUHGN ! ehi ng

was performed wth a substrate bias 20 applied than from e D on which

et chi ng waﬁasrypaep/@d%ffa%ﬁf% Ui eim HonPik Siice E@§H%;Iéh efapgﬁ&%ﬁd@zbt was

found that that on the outernost surface could sl ight Fenoved by
per forngng £Yche ﬁJQQEEQQﬁ&gﬁﬁi etching with a substrate bias applied,;
however, at a g@Stﬁ of 20 nmto 80 nmfromthe Si surface, the
concentrat]gﬁopf Al in Sanple G was the sane or substantially the sane as
t hat of SaLpIe F regardl ess of 69 whether or not cycle cl eaning was

perforned. It i S[n%?(?.él'é%ﬁ&f’th@ E%ﬁtﬁ?ﬁfs)%'ﬂltm ﬁl@%%%lé%fsgﬁ QLI CbiGM th a

substrate bias ap Inmpurities are 1ntroduced to a depth at which

the inpuri Edt g%elgtﬁ"o} 3§ ﬁﬂl?%rebl%chgwee&np%nﬁéf&J &t ﬁllﬁ%anBﬁF JVQSZHB%]R 1x

10'® atoms/cm’, while the concentration of Al in Sample E was about 1 x 10"

10 atoms/cm’ (measurement limit or less of the SIMS), which was the same or
substantially the same as that in Sample D.  Further, it is found that the concentrations
of Al in Sample F and Sample E are 3 or more digits different from each other.

[0211]
It was found that from FIG. 15 that Al having a concentration of 2 x 10'®

15 atoms/cm’ was detected from the outermost surface of Sample F on which eiching was
performed with a substrate bias applied. Note that it is considered that since Al enters
the single crystal silicon substrate by collision of ions in the SIMS, the tail of the profile
extends in a depth direction as compared to the actual distribution. However, more Al
was detected from Sample F on which etching was performed with a substrate bias

20 applied than from Sample D on which etching was not performed. Further, from the
resuit of Sample G, it was found that that Al on the outermost surface could be slightly
removed by performing cycle cleaning after etching with a substrate bias applied;
however, at a depth of 20 nm to 80 nm from the Si-surface, the concentration of Al in

Sample G was the same or substantially the same as that of Sample F regardless of
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5 Fromthe result, it was found that a single crystal silicon |ayer can be
restrained frombeing contam nated due to inpurities by etching wwth no
substrate bias applied. By using such a single crystal silicon |ayer,
deterioration in device characteristics, such as defects in wthstand
voltage, due to inpurity contam nation can be prevented, so that a
favorabl e sem conduct or device can be manufactured. 10 (Exanple 2) [0213]
In this exanple, in order to obtain information on inpurities (here, A) in
a single crystal silicon substrate nore accurately, results obtai ned by
anal ysis using secondary ion mass spectronetry (SIMS) froma substrate

side of a sarmkeoriot &yd&eclca%ﬁg%%ff&%d. [ RZldhsioatP kem thdiesllt el geused in

this exanple will be described. Sample H, a single crystal silicon

substrate \WastchingRANCS seRuND IR Hhhdd RapWASs PN 0 MRSl Ng addkpthl £P et ching
apparatus with a substrate bias applied under the foll ow ng conditions: the

20 flow ratmi®ith@infhtifés (A9 cﬁ%tbé%&@&ﬂi}?fcﬁaﬂéaﬁﬁgli on pressure: 1.5 Pa,
the tenperature of the lower electrode:” 70 C, the RF (13.56 M1z) power
which is sgppbjed to a coil-electrode: 1000 W and the power which is
supplied to a Tower electrode (on the bias side): 50W [0215] 70 Next, as

Sample k, a singkgmGhyRhdl, itSidsifaMn v+ BSinERIEy VR SiliSARA: 85h reWhline) et ching
was performed using an | CP etching apparatus with no substrate bias applied

nder 1, Sk OG- GONR 0 ) Sy s pocibn Mg T
C, the RF ﬁB%fetlsﬁ@ shHzd single crystal silicon layer, deterioration in device characteristics, such
as defects in withstand voltage, due to impurity contamination can be prevented, so that
a favorable semiconductor device can be manufactured.
10  (Example 2)
[0213]

In this example, in order to obtain information on impurities (here, Al) in a
single crystal silicon substrate more accurately, results obtained by analysis using
secondary ion mass spectrometry (SIMS) from a substrate side of a sample will be

15  described.
[0214]

Samples which were used in this example will be described. As Sample H, a
single crystal silicon substrate was prepared on which etching was performed using an
ICP etching apparatus with a substrate bias applied under the following conditions: the

20  flow rate of a chlorine gas: 100 sccm, the reaction pressure: 1.5 Pa, the temperature of
the lower electrode: 70 °C, the RF (13.56 MHz) power which is supplied to a
coil-electrode: 1000 W, and the power which is supplied to a lower electrode (on the
bias side): SOW.

[0215]
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5 power which is supplied to a coil-electrode: 2000 W and the power which
is supplied to a lower electrode (on the bias side): ON [0216] Next, As
Sample J, a single crystal silicon substrate was prepared on which etching
was performed using an | CP etching apparatus with no substrate bias applied
10 under the follow ng conditions: the flowratio of a reaction gas: NF3 :
N2 = 20:80 (sccn), the reaction pressure: 0.67 Pa, the tenperature of the

| ower electrode: 40 C, the RF (13.56 MHz) power which is supplied to a
coil-electrode: 2000 W and the power which is supplied to a | ower

el ectrode (on the bias side): ON [0217] 15 Next, As Sanple K, a single

crystal silicon guRAshy 84fpvasa RmERAPHaI NN IsehsiaR wis H3pi&Nbn Waich
performed. [0218] Note that in S I\/B,r?%i)sorbed inpuriti%gigfrom an outer

at nospher e R wHglfohRd Qg SEICPULSHRDaipafils FaEfo Abstrte bfa HBpRR-
Therefore, a silicon oxynitride film 20 was deposited to a thickness of 20

nmin orderpid th RlBGFIng@RMHSHF FRIBWOLate MG da® 106 sl A eabildr 16 shows
results of neasuring Sanples Hto Kby SIMS. In FIG 16, the horizontal

axi s shows g rdeny ba dhf @GhiePihurk BMhObwhh SRR A5 sC, Wi RE @586 Werd) cal axis
71 shows the concentration of Al (atonms/cm. Note that the filmfromthe

surfacegst 0p@wexdﬁlﬂ%lhis%p;ﬁi@@E@%édﬁ%l@én%d@%@ﬂw, gnd A€ pSkdrivaReh i9Xpplibd dode film
Not e that here, the neasurenment was performed fromthe back surface of the

single crygigbe ideir&dNos HRHidsR1dE): own order to prevent effects of detecting
conmponents in the silicon oxynitride filmon the
[0216]
Next, As Sample J, a single crystal silicon substrate was prepared on which
etching was performed using an ICP etching apparatus with no substrate bias applied
10  under the following conditions: the flow ratio of a reaction gas: NF3 : Ny = 20:80 (sccm),
the reaction pressure: 0.67 Pa, the temperature of the lower electrode: 40 °C, the RF
(13.56 MHz) power which is supplied to a coil-electrode: 2000 W, and the power which -
is supplied to a lower electrode (on the bias side): OW.
[0217]
15 Next, As Sample K, a single crystal silicon substrate was prepared on which no
treatment was performed.
[0218]
Note that in SIMS, absorbed impurities from an outer atmosphere were
detected on the outermost surfaces of the samples. Therefore, a silicon oxynitride film
20  was deposited to a thickness of 20 nm in order to protect each surface of Samples H to
K.
[0219]
- FIG. 16 shows results of measuring Samples H to K by SIMS. In FIG. 16, the

horizontal axis shows the depth direction (nm) of the samples, while the vertical axis
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5 single crystal silicon substrate as nuch as possible. After the single
crystal silicon substrate was polished to a predeterm ned thickness, the
measur enent was perforned fromthe back surface of the single crystal
silicon substrate. [0220] As shown in FIG 16, the concentration of Al in
Samples | and J on which 10 etching was perforned with no substrate bias
applied is lower than that in Sanple Hon which etching was perfornmed with
a substrate bias applied, and Al was hardly detected in the single crystal
silicon substrates of Sanples | and J. (Exanple 3) [0221] 15 In this
exanpl e, results of exam nation on an effect of contam nation of a single

crystal serh&aNEEChentradalof AMThehsic*)IeNBicahfthé RInGAMT &6 tslifddgo an SO
substrat e dependi ng on whether or not a substrate bias is applied will be

described. gef2A2dp fﬁ?{hﬁdt&gfjoeﬁm @ Hekieeh beynitRBUfIACt Wold thaBRerdOlhesubst r at e
of this exanple mnFI 20 be described. [0223] First, a single crystal

sem conductQhqSehsk Wal feriRBe PSR hRAGF 2065 BE LiBle LAstal HRdONBlbBSIedat | ON
treatnment, so that a silicon oxide filmserving as an insulating |ayer was

formed. The, bAEPE RdvehE:REts LR BettRE WBhpsichd M ineRilicheatyMmAlc WRs P C and
the 72 thickness of the insulating |ayer was 100 nm 1n addition, an

at mosphegr esi'ngfc' SN %itice suBbiraf® 40Tt fbstiBRPER kel Bie QLUEHyVRSsili@d as the
at nosphere of the thermal oxidation treatnment. [0224]

substrate was polished to a predetermined thickness, the measurement was performed

from the back surface of the single crystal silicon substrate.
[0220]
As shown in FIG. 16, the concentration of Al in Samples I and J on which

10 etching was performed with no substrate bias applied is lower than that in Sample H on
which etching was performed with a substrate bias applied, and Al was hardly detected
in the single crystal silicon substrates of Samples I and J.

(Example 3)
[0221]

15 In this example, results of examination on an effect of contamination of a
single crystal semiconductor layer, which is generated in manufacturing an SOI
substrate depending on whether or not a substrate bias is applied will be described.
[0222]

Hereinafter, a method for manufacturing an SOI substrate of this example will

20  be described.

[0223]

First, a single crystal semiconductor substrate was prepared and subjected to
thermal oxidation treatment, so that a silicon oxide film serving as an insulating layer

was formed. The temperature of the thermal oxidation treatment was 950 °C, and the
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5 1n this exanple, a single crystal silicon wafer was used as the single
crystal sem conductor substrate, and a single crystal silicon |ayer was
formed over a base substrate. The single crystal silicon wafer is a square
substrate having 5 inches on each side. In addition, the crystal
orientation on its main surface is (100) and the crystal orientation on
its side surface is <110>, and the conductivity of the single crystal 10
silicon wafer is p-type. [0225] After the thermal oxidation treatnent of
the single crystal sem conductor substrate, irradiation wi th hydrogen ions
was performed with an ion doping apparatus in order to forman enbrittled

region in ihamsisne e ﬁ{sbﬂﬁﬁﬁé 1a§ & &0 TUUSHhH OF InSadafioh 24iE atmdphbr: Mekfingf a 100%
hydrogen gas was used as a source gas, and the S|ngle crystal

sem conducigy aslab%l%akﬁh Wepedtth V\%@énegaé’\hieh dsO§ alrfbsPhéds B0 e ARAjIed by
excitation of the hydrogen gas were accel erated by an electric field

W t hout magsiisGRaratiean. Accordingly, the enbrittled region was forned.
When the hydrogen gas was excited wth the ion doping apparatus, three
ki nds of |ﬂﬁ2§ pecies (H, H2 , H3) were generated, 20 and approximately 70
% of the hydrogen ion species that were generated fromthe hydrogen gas

was H3' 5 Condi tignfis hadidiel! LERMe! cg@taqigm'c&gw\é@wawgéa i@t stbR crfgdel eration
vol tage was 50 kV, the beam cufrert density was Al cn?2, and the dose

was 2.0 x 10460 319%{ GdHtrat, 02rbd sifi31eNgYdtal stlll[t%ntl?& @éébﬁyhﬁéﬁ: gvéanfpisee single

crystal sem conductor substrate were ~subjected to negasonic cleaning, and

then sub e%b%ﬁi%Eo TSN Oyl BHEG WAkt agaﬁ}eamg@ege BEARE 5 if&Rh o surface

of the base substrate and an i1 nsulating |ayer forned he single crystal

sem conductoh SHPSH Wdude ke BlSROSEGdin TnOREmEANLAGLe RO(196) bfy fiE
crystal orientation on its side surface is <110>, and the conductivity of the single crystal
10  silicon wafer is p-type.
[0225]
After the thermal oxidation treatment of the single crystal semiconductor
substrate, irradiation with hydrogen ions was performed with an ion doping apparatus in
order to form an embrittled region in the single crystal semiconductor substrate. 50
15 scem of a 100% hydrogen gas was used as a source gas, and the single crystal
semiconductor substrate was irradiated with ions in plasma generated by excitation of
the hydrogen gas which were accelerated by an electric field without mass separation.
Accordingly, the embrittled region was formed. When the hydrogen gas was excited
with the ion doping apparatus, three kinds of ion species (H', Hy", Hy") were generated,
20 and approximately 70 % of the hydrogen ion species that were generated from the
hydrogen gas was Hi;'. Conditions of hydrogen ion doping were such that the
acceleration voltage was 50 kV, the beam current density was 5 nA/em’, and the dose
was 2.0 x-10'° jons/cm’.

[0226]
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5 bonded to each other. In this exanple, a non-alkali glass substrate
(product nanme: AN10OO) was used as the base substrate. The ANLOO is a gl ass
substrate having physical properties of a specific gravity of 2.51 g/cn8B,
a Poisson's ratio of 0.22, a Young' s nodulus of 77 GPa, a two-axes elastic
coefficient of 98.7 GPa, and a coefficient of thermal expansion of 38 x
10-7/C. 10 [0227] Next, heat treatnment was perfornmed at 200 C for 2 hours
in a heating furnace to increase the bonding strength between the base
substrate and the silicon oxide film Then, heat treatnment was perforned
at 600 C for 2 hours in a heating furnace, so that the single crystal

sem conduct or Smégtrﬁk%a%bwaﬁ fd sﬁfgwa«[,étslese&m%uﬁ&dresqbﬁﬁw @&eas a 15

boundary. Thus, a single crystal sem condu | ayer was forned over the

base subs nlcNSldhAhd, Nehdl BERT subfpbRA PRS Bdadil}e ie QRkvepRer The
t hi ckness géﬁﬁﬁ%gmhipﬁgﬁg)é}ysta.gsen1cond%c?k ayeramgg a§§$OX|nétely 140

rim [ 0228}, Noxing ofzéu{eStTﬁénCQ's%ce Bpﬁg%aéersﬁﬁs@ﬂa%tdngﬁnhfsﬁlﬁ ier f@m&dsecond
etching were 20 performed on the single crystal sem conduc | ayer.

Speci fic copdidd m.ﬂggé 9#&1'%19&0&1@&%&3@&&@%&@&3 oE%%los@@orﬁﬁ:%@o m folbebe

described in first etching and the second etching were perfornmed

with nog sulggﬁ(feﬁttg egapﬁthgrppkﬂ n%?e!‘dﬂ bt 11&%&.:&%4 @&&J&t Agndtas 74
¢ 1)

performed on the single cryst onduct or ayer using a plasma CV

appar at us Aﬁg‘aﬁf g&gglsé ( SC% Pl %ﬁﬂs‘iifa{e' ORfie ANtof 15OV g[a@g ls@hsRthic hakgct i on

gas: NF3 e pressure in the process chanmber: 50 Pa,

(b & oL el W5l hﬁ??ﬁéo&gﬁgy SEyg)" 86’ STPGRRRY!RaSor 02, SUbstral e

Young's modulus of 77 GPa, a two-axes elastic coefficient of 98.7 GPa, and a
coefficient of thermal expansion of 38 x 107/°C.
10 [0227]

Next, heat treatment was performed at 200 °C for 2 hours in a heating furnace
to increase the bonding strength between the base substrate and the silicon oxide film.
Then, heat treatment was performed at 600 °C for 2 hours in a heating furnace, so that
the single crystal semiconductor substrate was separated using the embrittled region as a

15 boundary. Thus, a single crystal semiconductor layer was formed over the base
substrate with the insulating layer interposed therebetween. The thickness of the
single crystal semiconductor layer was approximately 140 nm.

[0228]

Next, first etching, laser irradiation treatment, and second etching were

20  performed on the single crystal semiconductor layer. Specific conditions will be
described below. |
[0229]

As case will be described in which the first etching and the second etching

were performed with no substrate bias applied as Condition 1. The first etching was

74



5 whereby the thickness of the single crystal sem conductor |ayer was about
120 nm Next, after irradiating the single crystal sem conductor | ayer
with laser light, the second etching was perforned under the sane
conditions as the first etching perfornmed under Condition 1, whereby the

t hi ckness of the single crystal sem conductor |ayer was about 60 nm 10
[0230] A case will be described in which the first etching was perforned
with a substrate bias applied and the second etching was performed with no
substrate bias applied as Condition 2. The first etching was perfornmed on
a single crystal sem conductor |ayer using an | CP etchi ng apparatus under

the fol | oWpRGore2A nl O Rihglet &ﬁst&%eﬂ&%ﬂc&l&aﬁf uﬁn% hl QrdneCYBSappfafissccm  the
reaction pressure: 1.5 Pa, the tenperature of the 1ower electrode: 40 C,

the RF ( 131&&r%ﬁllmﬁ§ Eontftichb thSasw RRbIcEd rdaltich gag.qifﬂ?{: al,eC4.§ ccn‘ib,ooo W
and the power which is supplied to a | ower el ectrode (on the Ias side):

SOW  wher el §:88uleNh G588 Ehdnber: S0NG! fheClidcd beRRB CRARNES 080 hiyer was

about 120 nm” Next, after irradiation of the single crystal sem conductor

layer wit hﬂ?eotehﬁ%ﬁfuré iog =] SL{ até%n%_eéxﬁh{.hgmﬁ.%M}?‘grﬁﬁrei‘mﬁf)ﬁﬁt he sane
t un

conditions as ose of the Irst etching perforned r- Condition 1,

wher eby 5t heLibe ‘ﬂ'{éeﬁl&kﬁésls ltd?g}éé Lihgk Q:,r%;g% Sbiicon®iefdr $8RAWGE GhoudcAYE mny¥@S about

60 run. [0231] A case W escri in which tHe first etching was

per f or med \N'e%;g aflQ m&ﬁatﬁlggﬁé GRS RS ARBhR D, My evﬂma%%q&gﬁ iRlElind9 Was

performed w a substrate bias “applied as Condition e first etching

was perfor @Eﬂmg Ryad gélig(?lﬂiteﬁ gﬁ?&%ﬁ@émeﬁcﬁﬂhi‘ﬁ@&dﬁ%‘%’ First @%ﬁrﬁ% §?1@&anﬁg hGasame

conditions as thos Irst etching perfornmed itron 1

wher eby  t heohdiliGk DEFRrdy thd'ickhdd0 bEmE s¥letrysif WRRHICh Play AV abdiRS

60 nm.

10 [0230]

A case will be described in which the first etching was performed with a
substrate bias applied and the second etching was performed with no substrate bias
applied as Condition 2. The first etching was performed on a single crystal
semiconductor layer using an ICP etching apparatus under the following conditions: the

15  flow rate of a chlorine gas: 100 sccm, the reaction pressure: 1.5 Pa, the temperature of
the lower electrode: 40 °C, the RF (13.56 MHz) power which is supplied to a
coil-electrode: 1000 W, and the power which is supplied to a lower electrode (on the
bias side): SOW, whereby the thickness of the single crystal semiconductor layer was
about 120 nm. Next, after irradiation of the single crystal semiconductor layer with

20  laser light, the second etching was performed under the same conditions as those of the
first etching performed under Condition 1, whereby the thickness of the single crystal
semiconductor layer was about 60 nm.

[0231]

A case will be described in which the first etching was performed with no
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5 about 120 nm Next, after irradiation of the single crystal sem conductor
| ayer with |aser |ight, the second etching was perforned under the sane
conditions as those of the first etching treatnent perforned under
Condition 2, whereby the thickness of the single crystal sem conductor

| ayer was about 60 nm [0232] 10 A case will be described in which the
first etching and the second etching were perfornmed with a substrate bias
applied as Condition 4. The first etching was performed on a single
crystal sem conductor |ayer under the same conditions as those of the
first etching perfornmed under Condition 2, whereby the thickness of the

single crygi@hie S50 SRNEYGHD hd AXEEd YREIng RAM! pekdlndwithexX bubs@dté ®las

irradiation of the single 15 crystal sem conductor |ayer with |aser |ight,

the Second_aﬁﬁlféﬁi%C&&ﬁ%rﬁ.orfﬁdfﬁ’éﬂd&ém hasS oo dint kORggI@Scridise of the
first etching perfornmed under Condition 2, whereby the thickness of the

single cr Y§et,1ﬁi|c01§ﬁ@{jmlc %ggl{ﬁﬁi&r thk YRE cMRFi0RD QWiho&Dof thfird: Qt%fﬁ:g% lp@ﬁ&%‘leﬁ hat in

Conditions 1 to 4, er irradiation conditions were as ows: as a 20

laser, a Xgfder ﬁ&iﬁgﬁﬂ,l @?e‘?ébg"ﬂ?é KBS bE e sRERBBY kBichdiByelgiatdl of 308

nmwas used and t aser beam was condensed by an optical system so that

the beam shang 19§ g Nekf, %ﬂ&@ﬁﬁg@@g?ff@E%mmsq?staliseﬁ%nmamaﬁf w30 m x 140

nm appr oxi mately. The pulse w aser light was 20 nandseconds, and

the repeti tlels%égrh?;ttfe é@@&d%@ch% xg%*b%rfo&&d! A& thé SdnRAoAlHORs ¥ARoBBE frer med

while a nitrogen 'gas was spray on an irradiated region at a room
et R e L R e T DR Ui
H T ustrate ggi SHHoiayel Gal ol 4o el

[0232]

10 A case will be described in which the first etching and the second etching were
performed with a substrate bias applied as Condition 4. The first etching was
performed on a single crystal semiconductor layer under the same conditions as those of
the first etching performed under Condition 2, whereby the thickness of the single
crystal semiconductor layer was about 120 nm. Next, after irradiation of the single

15  crystal semiconductor layer with laser light, the second etching was performed under
the same conditions as those of the first etching performed under Condition 2, whereby
the thickness of the single crystal semiconductor layer was about 60 nm.

[0233]
Note that in Conditions 1 to 4, laser irradiation conditions were as follows: as a

20 laser, a XeCl excimer laser which emits a beam having a wavelength of 308 nm was
used and the laser beam was condensed by an optical system so that the beam shape on
an irradiation surface was a linear shape of 390 um x 140 mm approximately. The

pulse width of laser light was 20 nanoseconds, and the repetition rate was 30 Hz. The

76



transi stor manufactured in this exanple. FIG 17A is a top view of a
capacitor TEG and FIG 17B illustrates a cross section taken along line A-B
of FIG 17A. [0235] A silicon oxide film801 (having a thickness of 100 nm
formed by an 10 oxidation treatnent was fornmed over a gl ass substrate 800.
In addition, a gate insulating |ayer 804 (having a thickness of 20 nm was
formed over the silicon oxide film801l, and a gate el ectrode | ayer 805 (a
stack of a tantalumnitride |layer having a thickness of 30 nmand a
tungsten |l ayer having a thickness of 370 rin) was fornmed over the gate
insulating layer. In the silicon oxide film801, a source and drain

el ectrode jRed igi@htfonGhE pbAordled Whileh ndrdabd AR shAYRI on@Virifatdd feBiogkness of
60 nm a titaniumnitride |ayer having a thickness of 40 nm an al um num

| ayer havi Bgh Rokhempdase. of 300 rim and a titaniumlayer having a

t hi ckness of 100 nmin this order) which were connected to a source and
drain regi 4803 (inpurity regions containing phosphorus as an inpurity
el enent inparting n-type conductivity) were forned. In addition, the source

20 and drain el egtra06 Bals Sl Gl R AAiSoR shilsh-A8 il faaiil W@y N9 a
o

t hi ckness of 60 nm a titaniumnitride |ldyer having a thickness of 40 nm

an al U%nu%éh%f%onﬁiﬁ}ﬁwgw. tﬂcﬁk@?gﬁn@ggggﬁusaﬁalecaﬂmcﬁré bt @RI FLAY er

having a thickness of 100 nmin this or were connected to a

sour ce T el @i dnihuicRidl ih%ﬂﬁ%&?mﬁﬁl&p?ﬁ@ mg%% Wviel W hALAAG: PaGON s an

inmpurity elenment 1 nparting p-type conductivi the oxide 77 silicon

film 801 ' [ i | 806 t ack
I A R T S T S S S

of a ne
oxi de filnhﬁgiLng a thickness of 300 rim and a silicon oxynitride film
having a thickness of 450 nmin this order) was fornmed over the thin film

AT L o0 SIS e R ST Bk 1B ko] A <0
10  oxidation treatment was formed over a glass substrate 800. In addition, a gate
insulating layer 804 (having a thickness of 20 nm) was formed over the silicon oxide
film 801, and a gate electrode layer 805 (a stack of a tantalum nitride layer having a
thickness of 30 nm and a tungsten layer having a thickness of 370 nm} was formed over
the gate insulating layer. In the silicon oxide film 801, a source and drain electrode
15 layers 807 (a stack of a titanium layer having a thickness of 60 nm, a titanium nitride
layer having a thickness of 40 nm, an aluminum layer having a thickness of 300 nm,
and a titanium layer having a thickness of 100 nm in this order) which were connected
to a source and drain regions 803 (impurity regions containing phosphorus as an
impurity element imparting n-type conductivity) were formed. In addition, the source
20  and drain electrode layers 807 (a stack of a titanium layer having a thickness of 60 nm, a
titanium nitride layer having a thickness of 40 nm, an aluminum layer having a
thickness of 300 nm, and a titanium layer having a thickness of 100 nm in this order)

which were connected to a source region and a drain region (impurity regions

containing boron as an impurity element imparting p-type conductivity) of the oxide
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[0236] FIGS. 18A and 18B and FIGS. 19A and 19B show results obtai ned by
measuring the current-voltage (1-V) characteristics of Sanples L to O In
FIGS. 18A and 18B and FIGS. 19A and 19B, the horizontal axis represents
gate voltage Vg (V) and 10 the vertical axis represents gate current Ig
(A). Here, results obtained by neasuring 1-V characteristics at 25 points
on each substrate surface of Sanples L to O are showmn. [0237] Fromthe
results of FIGS. 18A and 18B and FIGS. 19A and 19B, it was found thatthat
in Sanple L on which the first etching and the second etching were
performed 15 with no substrate bias applied, the rise of a current val ue

t her eof wasiliéd Sim BiEwEe \WeHRAS EMNMRE, iad iki@hFer Rfdatinp @ayat Bis otk W0kt age
t hereof was favorable. Further, also in Sanple Mon which the first

et chi ng wasgjlped bansedn Wik a idaskS at 80 Binag saRph nitbdaddde tilie neaseRd et ching
was performed with no substrate bias applled al t hough variation in rise

of a curr epichidésut 3HOAMERAd 4 SlicoAlxOhitrideTBmHabRg @fthidkdetd 643D niinUBiswas | ate
and 20 favorable characteristics were obtained. On the other hand, it was

found that ofddr) waBingdNvethehie HilhRRnikthSt TEE eihabigbriaks B&bfcﬂ;igm%dhﬁéﬂ th no
Substrate blas applied and the second etching was performed with a

substrage BiAHIARN foffeddthapaiERk& I 1R GRodd 8 dlderdif? et ching and the

second etchlng were perfornmed with a. substrate bias applied, the rise of
a current t hereof was early and the wi thstand voltage thereof was
poor . FOZS FI GS. 20A and 20B show results of field-effect nobilities

of Sarml es L tO lGsdasAar idae dmhay er1Gs! Q@NE&% 1653 Whb® fé%uﬁsh@btﬁlh@d @Kef fect
nobilities, it was found that in Sanple L on which the first etching and

the Secondnﬁkﬁhh%%e%h@m%ﬁtsgm M LteRRic® of SHRSH1EAL eo bi ag, pRM.ijgd and
Sanpl e Mon which the first etching was perforned wth a
and 18B and FIGS. 19A and 19B, the horizontal axis represents gate voltage Vg (V) and
10  the vertical axis represents gate current Ig (A). Here, results obtained by measuring
I-V characteristics at 25 points on each substrate surface of Samples L to O are shown.
[0237]
From the results of FIGS. 18A and 18B and FIGS. 19A and 19B, it was found
thatthat in Sample L on which the first etching and the second etching were performed
15  with no substrate bias applied, the rise of a current value thereof was late, there were
few variations, and the withstand voltage thereof was favorable. Further, also in
Sample M on which the first etching was performed with a substrate bias applied and
the second etching was performed with no substrate bias applied, although variation in
rise of a current value thereof is caused, the rise of a current value was late and
20 {favorable characteristics were obtained. On the other hand, it was found that in
Sample N on which the first etching was performed with no substrate bias applied and
the second etching was performed with a substrate bias applied and Sample O on which

the first etching and the second etching were performed with a.substrate bias applied,

the rise of a current value thereof was early and the withstand voltage thereof was poor.
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substrate bias applied and the second etching was perforned with no
substrate bias applied, there was | ess variation and higher field-effect
nobilities were obtained than in the other sanples. [0239] 10 Fromthe
above results, it is considered that in Sanples L and M on which at | east
t he second etching was perforned with no substrate bias applied, little
contam nation due to the etching treatnent was caused and surface
roughnesses of the single crystal silicon |layers were reduced; therefore,
favorabl e withstand voltages and high field-effect nobility were obtained.
However, it is considered that in Sanples N 15 and 0 on which at |east the
second et chliomggiwas performed with a substrate bias applied, contam nation
due to the etching treatnment was caused and the surfaces of the single

crystal silicon FERY£R6AWRH QOB GHGNeReR of fiad-effest enobllities Wf S4siiand wol t ages
thereof were Jlow and the field-effect nobilities thereof were reduced.

[0240] 20 desc@ited Bisovabomem 8 Wstfs of the WRE-SMRUNMobiMTALs, RGHAT BLMDHhOnONe
enbodi ment of the present invention, contam nation of a single crystal

silicon subsaipid B oWhitGEéh 8 First GRAHpAdnACthé BecBRD WkRiGE Wekd Perfitm@Dwithust r at e
was reduced. Further, it was found that performance and reliability of a

seni conguc ts@hstrdRWisepRdd hd Baedplam GOvhish st fidl QcBY fas peFRIRAYEWdith 49 Thi's
application is based on Japanese Patent Application serial no. 2009-011425

filed with separ Hat Sptiecdhhd @R RBonidGHBAY wad perdélidd Willen® Rilskfie Rt ent s of
whi ch are hereby incorporated by reference. Eo VWHAT IS CLAIMED | S:

applied, there was less variation and higher field-effect mobilities were obtained than in

the other samples.

[0239]

10 From the above results, it is considered that in Samples L and M on which at
least the second etching was performed with no substrate bias applied, little
contamination due to the etching treatment was caused and surface roughnesses of the
single crystal silicon layers were reduced; therefore, favorable withstand voltages and
high field-effect mobility were obtained. However, it is considered that in Samples N

15  and O on which at least the second etching was performed with a substrate bias applied,
contamination due to the etching treatment was caused and the surfaces of the single
crystal silicon layers were roughened; therefore, the withstand voltages thereof were
low and the field-effect mobilities thereof were reduced.

[0240]

20 From the above results, it was found that according to one embodiment of the
present invention, contamination of a single crystal silicon substrate which was
generated in manufacturing an SOI substrate was reduced. Further, it was found that

performance and reliability of a semiconductor device using such-an SOI substrate were

improved.
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1. A nethod for manufacturing an SO substrate conprising the steps of:
formng an oxide filmon a single crystal sem conductor substrate; 5

i ntroducing accelerated ions into the single crystal sem conductor
substrate through the oxide filmto forman enbrittled region in the
single crystal sem conductor substrate; bonding a supporting substrate
such that the supporting substrate and the single crystal sem conductor
substrate face each other with the oxide filminterposed 10 therebetween,;
perform ng separation at the enbrittled region into the supporting
substrate to which a single crystal sem conductor |ayer is bonded and part
of the single crystal sem conductor substrate by heating of the single
crystal sem conductor substrate; performng first etching on a surface of
the single crystgyis SgPcAREUSH WYasddXB! JaphBeOPdRE: tDBRicRURRt hild
substrate with a substrate bias applied; irradiating the single crystal

sem conduchgfo-b Anes fdtvAtrabaASelier? @3RS TaiBiry b ND00RNR: Sié it at | east
part of the surface of the single crystal sem conductor |ayer; and

per f or m ng 386, ' J.ace of the single crystal

sem conduct or qﬁgvggﬁﬁﬁﬁﬁhﬁgmigﬁggﬁige bi as applied. 20 2. A nethod for
manuf acturing an SO substrate conprising the steps of. formng an oxide
filmon a single crystal sem conductor substrate; introducing accel erated
ions into the single crystal sem conductor substrate through the oxide
filmto forman enbrittled region in the single crystal sem conductor 81
substrate; bonding a supporting substrate such that the supporting
substrate and the single
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crystal sem conductor substrate face each other with the oxide film

i nterposed therebetween; 5 performng separation at the enbrittled region
into the supporting substrate to which a single crystal sem conductor

| ayer is bonded and part of the single crystal sem conductor substrate by
heating of the single crystal sem conductor substrate; performng first
etching on a surface of the single crystal sem conductor |ayer bonded to
t he supporting substrate with no substrate bias applied; 10 irradiating the
single crystal sem conductor |layer with a | aser beamand nelting and
solidifying at |least part of the surface of the single crystal

sem conduciomat syer.Ape 1s:perform ng second etching on the surface of the
single crystal sem conductor |layer with no substrate bias applied. 15 3.
The met hod for manufacturing an SO substrate according to claim1,
wherein the first etching is perforned using a chlorine-based gas. 4. The

met hod f or nan!”l@ﬁ?rh@tﬁd@ﬁo?ﬁmﬁ@ch&h‘x@%ﬁ@@ﬁ%@&&@E%ﬁ%h{é%@h@ﬂsmﬁz’ wher ei n
the first etching is performed using a chlorine-based gas. 20 5. The net hod

for manufact uri ngmaRe shxi@dHRt &2 EndE 694 BRidoRadctRisiBskate; Wherein the
second etching is perfornmed using a fldorine-based gas. 6. The nethod for

manufacguring anpR(ducabRetddhed 3RomY 19 521%1@ LAAHEL emicSrinDE tRsiaik e Second

etching is performed using a fluorine-bas gas. 7. The nethod for

manuf act ur g iheAidSHBS I BIL aR EROEH B alod iff bR Mgle cryWAIQERIBndudfRrf 1 7 ST
etching and the second etching are performed using alyluorlne-based 5 gas.

8. The net{pdfior manufacturing an SO substrate according to claim 2,

bonding a supporting substrate such that the supporting substrate and the single
crystal semiconductor substrate face each other with the oxide film interposed
10  therebetween;
performing separation at the embrittled region into the supporting substrate to
which a single crystal semiconductor layer is bonded and part of the single crystal
semiconductor substrate by heating of the single crystal semiconductor substrate;
performing first etching on a surface of the single crystal semiconductor layer
15  bonded to the supporting substrate with a substrate bias applied,
irradiating the single crystal semiconductor layer with a laser beam and melting
and solidifying at least part of the surface of the single crystal semiconductor layer; and
performing second etching on the surface of the single crystal semiconductor
layer with no substrate bias applied.
20
2. A method for manufacturing an SOI substrate comprising the steps of:
forming an oxide film on a single crystal semiconductor substrate;
introducing accelerated ions into the single crystal semiconductor substrate

through the oxide film to form an embrittled region in the single crystal semiconductor
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wherein the first etching and the second etching are perforned using a
fluorine-based gas. 10 9. The nethod for manufacturing an SO substrate
according to claim1l1, wherein the supporting substrate is a gl ass
substrate. 10. The nethod for manufacturing an SO substrate according to
claim?2, 15 wherein the supporting substrate is a glass substrate. 11. A
nmet hod for manufacturing a sem conductor device using an SO substrate
manuf act ured by the nmanufacturing nmethod according to claim1, wherein a
sem conductor elenment including the single crystal sem conductor |ayer over
the 20 supporting substrate is manufactured. 12. A nethod for

manuf act ur kgdirde;sem conduct or device using an SO substrate manufactured
by the manufacturing nmethod according to claim?2, wherein a sem conductor

el ement i ncl udi ngnlig a%ﬁﬁ]ﬁh&fg@ﬁys‘&h@su&ﬁm&%%ﬁ&ﬁﬁg biay@dte MéBthe Lilgle 83

supporting substrate is manufactured. 84
crystal semiconductor substrate face each other with the oxide film interposed

therebetween;

5 performing separation at the embrittled region into the supporting substrate to
which a single crystal semiconductor layer is bonded and part of the single crystal
semiconductor substrate by heating of the single crystal semiconductor substrate;

performing first etching on a surface of the single crystal Semiconductor layer
bonded to the supporting substrate with no substrate bias applied;
10 irradiating the single crystal semiconductor layer with a laser beam and melting
and solidifying at least part of the surface of the single crystal semiconductor layer; and
performing second etching on the surface of the single crystal semiconductor

layer with no substrate bias applied.

15 3. The method for manufacturing an SOI substrate according to claim 1,

wherein the first etching is performed using a chlorine-based gas.

4. The method for manufacturing an SOI substrate according to claim 2,
wherein the first etching is performed using a chlorine-based gas.
20
5. The method for manufacturing an SOI substrate according to claim 1,

wherein the second etching is performed using a fluorine-based gas.

6. The method for manufacturing an SOI substrate according to claim 2,
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wherein the second etching is performed using a fluorine-based gas.

7. The method for manufacturing an SOI substrate according to claim 1,
wherein the first etching and the second etching are performed using a fluorine-based

gas.

8. The method for manufacturing an SOI substrate according to claim 2,
wherein the first etching and the second etching are performed using a fluorine-based

gas.

9. The method for manufacturing an SOI substrate according to claim 1,

wherein the supporting substrate is a glass substrate.

10. The method for manufacturing an SOI substrate according to claim 2,

wherein the supporting substrate is a glass substrate.

11. A method for manufacturing a semiconductor device using an SOI substrate
manufactured by the manufacturing method according to claim 1, wherein a
semiconductor element including the single crystal semiconductor layer over the

supporting substrate is manufactured.

12. A method for manufacturing a semiconductor device using an SOI substrate
manufactured by the manufacturing method according to claim 2, wherein a

semiconductor element including the single crystal semiconductor layer over the

83



supporting substrate is manufactured.
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